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[t is a significant fact that in but few places do the Mississippi 

and Ohio rivers flow on consolidated rock. Throughout most of 

their courses they flow over bodies of silt, sand, and gravel 5c—100 

feet in thickness. The lower half or third of each tributary also 

flows over a thick unconsolidated mass, which is similar to those 

on the larger streams, except that in general it is less coarse. For 

examples, the Wisconsin River in southwestern Wisconsin is 

working 50 feet or more above a hard rock channel; Big Muddy 

River in southern Illinois flows between mud banks in a broad, 

shallow valley with a buried channel 40 feet below; and away east 

in Pennsylvania the Monongahela does not flow over bed-rock 

any point within the limits of the state. Thus, not only the 

valleys of the Mississippi and Ohio, but the lower part of almost 

every tributary valley in the northeast central states, and probably 

in a considerably larger territory, is partly filled with loose sedi- 

ment, and in Illinois, Indiana, and Kentucky the filling on the 

tributary streams consists largely of clay, a brief description and 

inte rpretation of which are the objects of the present paper. 

lished by permission of the Director of the U.S. Geological Survey, W 

hed by the Ill. Geologi 
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Che upper surface of the clay forms a terrace which is generally 

so broad and so low that it is scarcely perceptible, though it is 

commonly separated from the flood-plain by a low scarp. This 

terrace is almost perfectly horizontal, and since the flood-plain 

rises up stream the terrace and flood-plain finally merge. However, 

since the flood-plain itself on the tributaries is nearly horizontal 

for the streams have but little fall) the flood-plain and terrace 

on some rivers are distinct for 40 miles or more, although vertically 

they are almost nowhere more than 4o feet apart. 

Another characteristic of these valleys is that in places they 

anastomose. Many valley floors connect through divides with 

neighboring valley floors. Some of the connecting parts are broad 

and resemble bays in the sea; others are narrow and strait-like; 

and the severed parts of the divide are massive. In many places 

the flat valley floor surrounds hills that stand up sharply like 

islands. These features of the lower parts of valleys tributary 

to the Mississippi and Ohio—the broad bottoms in hilly country 

and the irregularly branching valleys—point toward valley filling 

And well-sections and exposures support this indication, showing 

that bed-rock is far below the present streams. 

Detailed description of the clay.—The clay varies from greenish 

gray to purplish-gray in color and from medium plasticity to 

‘gumbo. The lower part is evenly stratified and in places 

finely laminated. The upper part has less distinct stratification 

and is characterized by irregular concretionary masses of lime 

Around the border and in the up-stream parts of the deposit 

there are lenses of fine sand, but considering the formation as 

whole, sand torms a remarkably small part. With the exception 

of the concretionary lime, some particles of which are as small as 

sand grains, most of the deposit is without perceptible grit. li 

ground plan the bodies of clay are very irregular and even anas 

tomosing—shapes that would be expected of valley fills in a country 

of medium to low relief (see Fig. 1). The surface of the clay i! 

each valley is horizontal and lies from 5 to 75 feet above low water 

But the altitude varies from valley to valley. Near Cairo th 

surface of the clay is 345 feet above sea; at Galena, Illinois, 400 

miles up the Mississippi, it is 650 feet; and there is a corresponding 
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increase in altitude up the Ohio. Thus, although the deposit along 

each tributary and its branches is usually isolated and lies at a 

different altitude from that on every other stream, the different 

bodies have such a regular arrangement and have so many char- 

icters in common that there can be little question but that they are 

closely related, and they appear to be in large part lake deposits, 

but in smaller part stream deposits, so that they may be referred 

o as fluvio-lacustrine. 

o— — —— NN 

Fic. 1.—Lake Muddy, in southern Illinois. One of a series of lakes, now extinct, 

by a rapidly growing valley filling on the Mississippi and certain other streams, 

g forming a dam across the mouths of tributaries. The lakes stood at dif 

tudes, being controlled by the altitude of the Mississippi at their various 

ts; each was in a continual state of fluctuation, the position of its surface at any 

moment being controlled by the stage of the Mississippi, and for a part of the time 

é as intermittent. The narrow part of Lake Muddy near the outlet was in a 

narrow, high-walled part of the valley, due to uplifted hard rocks. With the approach 

f every flood on the Mississippi water gushed up through the narrow part of the lake 

to the broader inland, a part carrying with it fine sand which, with interbedded lake 

silt, formed a delta at the /ower end of the lake, fronting toward the head of the lake 
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Shore features were generally poorly developed, though 12-15 

miles northeast of Madisonville, Kentucky, 60 miles by water from 

the Ohio River, there are beautifully developed and well preserved 

beach-ridges. These ridges are very symmetrical, being 20—5¢ 

feet wide, and 8 to 1o feet high (see Fig. 2 They are composed 

of sand and fine gravel and are situated across the mouths ot 

small tributary valleys. The reason for the excellent development 

of gravel ridges at this place is the generous available supply of 

loosely cemented conglomerate, probably Late Tertiary in age, com 

posed largely of well-rounded quartz and flint pebbles. Elsewher 

there was not a large amount of well-rounded pebbles withi 

reach of the lake and SO far ho othe r well developed ridges have 

been found. At numerous places where the bank of the lake was 

easily eroded there is some suggestion of wave cutting, but the 

evidence has been almost obliterated by recent erosion. On 
1 

reason for the general poor development of shore features is that 

owing to the rise and fall of the rivers the lakes were continually 

fluctuating and were intermittent for a part of the period of thei 

existence. Thus, particularly in districts of low relief, the shores 

yf the lakes did not stand in one position long enough to develop 

shore features 

ollections of fossils were obtained, the fauna consisting 

of nearly a score of species of gastropods and lamellibranches, ar 

doubtedly many more species, including perhaps vertebrate at 

plant remains, might be found. Most of the forms collected inhabit 

lagoons and the quiet parts of streams. One of them (Campx 

loma) is a scavenger living in decaying animal matter. Others 

frequent lily ponds. Some, such as Vertigo, are northern forms 

being tound at present from Wisconsin northward 

The lime masses are probably secretions of blue-green alga 

ugh at present they show little organic structure. They ari 

more abundant in the thinner parts of the formation, and this m 

be correlated with the fact that lime-secreting algae flourish 1 

ry shallow or intermittent waters. 

Previou vork Bodies of this ( lay have been regarded as olac i 

lrift; . lowland phase of the loess; an old normal flood plain 

r deposit; a back-water deposit from glacial floods on the large 
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leposit due to subsidence; a deposit due to climatic / 4 

ind in southwestern Wisconsin a closely related but pre- 

ominantly stream-laid deposit has been attributed to glacial 

floods and deposits in the Mississippi Valley. 

Che clay is not glacial drift, for it contains no stones and littl 

sand; and much of it lies outside the glacial boundary. More- 

over, it is found only in the lowest places and its upper surface is 

horizontal without regard to the underlying surface of hard rock. 

It is not loess, for it fills all depressions up to certain altitudes and 

is not found at higher positions. Its thickness and others of the 

characters already described show that it is not a normal flood 

plain deposit. It could scarcely be a simple back-water deposit 

from glacial floods without the help of a valley train, because that 

would require that the rivers have a sustained depth of about two 

hundred feet for the thousands of years it must have taken the clay 

o accumulate. A subsidence of the surface might lead to th 

levelopment of a few bodies of clay having the shape and arrang: 

ment of those under discussion, but warping so complex as to cause 

the regular arrangement and shape of so many bodies of clay would 

be inconceivable. Nor could the deposits have been produced by 

climatic change, for such deposits slope down stream and these 

are horizontal. Finally, the limited up-stream extent of the clay, 

the fineness of the material, the horizontality of the surface, and 

the fact that the clay abuts against thick bodies of coarser material 

on the large rivers, indicate that most of the clay accumulated in 

lakes produced by vailey fillings, the master drainage lines of 

the region. In order to understand the cause and history of the 

lakes it is therefore necessary to look into the history of the larg: 

rivers. 

Valley filling on the Mississippi and Ohio.—The deposits on the 

Mississippi and Ohio consist principally of sand, but there is con 

siderable gravel and silt, the gravel being more abundant at the 

base and the silt at the top. Most of the material lies below extreme 

high-water stage, and hence the surface forms a flood-plain, but 

here and there bodies ot sand and gravel stand about 320 feet above 

t] 

a terrace at the altitude of the valley filling on near-by tributaries. 

1e reach of high water, the upper surface in such places forming 
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Apparently the river valleys were once filled to a position as high 

s the surface of the filling on the tributaries, but have now been 

partly cleared out, the surface of the fill being lowered about 30 

feet The part remaining is about 150 feet thick and extends 

ibout 120 feet below low water, the range between high- and low- 

water stages being about 30 feet (see Fig. 3 

In this connection it seems worth while to note that when the 

lischarge of a stream is increased, the vertical distance between 

the bottom of the channel and the flood-plain is also increased, 

ind this comes about not alone by scouring out the channel, but 

iso by building up the alluvium. Thus, without any change 

in size of load, it is possible to produce thick alluvium by simply 

increasing the volume of water. 

[fo return to the lakes themselves: they differed from most 

bodies of quiet water in that the position of the surface varied 

greatly every year, for it was controlled by the various stages of 

the rivers. If the range between high and low water had been the 

same that it is now the surfaces of the lakes would have fluctuated 

between limits about ro to 4o feet apart. But the lakes formed a 

huge reservoir so that with the same discharge as at present the 

rivers would not have risen nearly so much in times of flood. 

Indeed, to raise the surface of the lakes and rivers one foot, it 

took over one hundred billion cubic feet or nearly a cubic mile of 

water; moreover, every rise of 5 or ro feet would double the dis- 

charge of the rivers, so that tremendous floods could be taken care 

of without great increase in depth of water. 

Terminology.—It seems probable that the rather extensive 

development of deposits and resulting topographic features such 

as are described in this paper will lead to the introduction of some 

new descriptive terms. Perhaps it will be found convenient to 

use ““contragradation” or ‘*dam gradation” for that kind of stream 

aggradation which is caused by an obstruction, or, more broadly, 

decrease in velocity, and perhaps to invent still other terms for 

the aggradation due to increase in load and decrease in volume. 

In case the obstruction develops so rapidly as to produce ponded 

water, such as is described in the present paper, the deposit is on 

the whole very fine-grained and the top nearly horizontal though 
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more or less concave. For the resulting topographic feature, 

the bottom of Muddy River Valley may be taken as a type and 

uddy may be an acceptable name for it, referring, as the name 

does, both to a particular type and to a principal character of 

the deposit, and the streams which flow over it, and also to the 

general character of the country where the feature is developed 

On the other hand, in case aggradation keeps pace with the 

growth of the dam the material is in general coarser and the upper 

surface rises up stream, though at a less rate than the original 

stream channel. For this topographic feature the surface of the 

deposit forming a low terrace along Big Sandy River in eastern 

Kentucky may be taken as a type and called a Sandy. Perhaps 

ilso it will be found desirable to speak of the island-like hills sur- 

rounded by the deposit as'/sland Hills, and the hill bearing the 

town of Island, in Kentucky, may be taken as a type. 

Summarizing.—The inferred history of the lake deposit reads 

about as follows: In middle or late glacial time the rivers were 

flowing on beds about 100 feet below their present ones. Whether 

this great depth was attained in an interglacial epoch by a regional 

uplift or was reached through the deep scouring of glacial floods 

has not yet been determined. The tributaries entered the flood- 

plains of the Mississippi and Ohio on channel bottoms only about 

10 feet lower than those in use today and their flood-plains were 

near the position of their present channel bottoms, these positions 

being controlled by low- and high-water stages on the master 

streams. As at present, at low-water stage there was no standing 

water in the tributaries, but at high water the deep channels were 

filled by back water from the rivers, thus forming long, narrow 

winding lakes. When aggradation began on the Mississippi and 

Ohio, both low- and high-water marks on them and on the tribu- 

taries rose. At low water there were embryo, perennial lakes in the 

channels of the tributaries at their mouths and at high water the 

flood-plains were covered more deeply than before. The area 

covered both at low- and high-water stages gradually extended until 

low-water stage reached the altitude of the former flood-plain. 

From this time on there were perennial bodies of quiet water of 

considerable size on each tributary, and wedge-shaped masses of 
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leposit about 80 feet thick at the lower ends and thinning out 

a feather edge up stream, accumulated on the old flood-plains. 

Nearly all the material deposited in the lakes was tine sediment 

such as would be carried in suspension, and the lakes seem to have 

been filled with this material up to certain concordant positions 

probably to the natural position of a flood-plain or just below th« 

water mark of the time. 
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When the Mississippi and Ohio finally became not only able to 

carry all the load delivered to them but a little more, they began 

to cut down again. Perhaps even before this time the lakes had 

become intermittent, being drained except at times of high water, 

for they were almost filled with sediment. The great flat lake 

bottoms became swamps, and channels began to deepen again at 

former outlets. At the same time the swamps themselves the 

lhe process of swamp began to be drained at the lower ends. 

lraining has continued to the present time, and on medium-sized 

streams there now remain only 10-20 miles of swamp, the lower 

so miles having been drained (see Fig 4 J 50 



GRAVEL AS A RESISTANT ROCK! 

JOHN LYON RICH 
Corn University, Ithac N.Y 

INTRODUCTION 

The thesis which this paper will endeavor to establish may bi 

stated as follows: Gravel, in its relation to the agen ies of de nudation, 

under certain geological conditions, a highly resistant rock. To 

these agencies it will, in general, offer greater resistance than ordinary) 

gneous or sedimentary rocks, with a few possible exceptions. On 

the validity of this thesis hinge important deductions as to the 

normal course of topographic development in cases where such gravel 

plays a prominent part in the geological structure of a region. 

It is my Purpose (1) to point out the theoretical reasons for th 

resistant nature of gravel deposits; (2) to show from an actual 

occurrence in nature that the gravels do behave as the theoretical 

considerations would lead us to expect; and (3) to sketch, by way 

of suggestion, the normal course of development of topography in a 
l 

region where alluvial fans of coarse material are accumulating at 

the base of mountains. By way of suggestion there will be further 

brief application of the principles brought out to certain well 
] known t opographic features. 

Except for the descriptive portion of the paper, which will b 

clearly distinguished, the article is an analytical study made mainly 

for the purpose of determining the influence of certain types of rocks 

upon the processes ‘and rate of denudation, and of calling attention 

to what appears to be a normal cycle of denudation and the topo- 

graphic development of mountains in an arid region, and to 

lesser extent in a humid region as well. 

At the present time no attempt will be made to review exhaustively 

the literature of the subject. 

P shed by permission of the Director of the U.S. Geological Survey 
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RESISTANT QUALITIES OF GRAVEI 

It is natural to look upon gravels as weak rocks which may easily 

he agencies of denudation. While this is doubt 

ess true for sand or possibly even for fine gravel, it is a view which 

ravel of a coarser nature such as accumulates loes not hold true of g 

»§ OS the base of mountain ranges either in arid or humid climates 

f river gravels of the coarser type such as the Lafayette gravels 

of the Mississippi Valley. 

Phere are two essential reasons for the resistant quality of gravel 

s regards denudation. These are: (1) the selected nature of the 

As regards the first of these, gravel is a > its porosity. 

selected on the 

material; (2 

ymposite rock made up of units, each of which is 

basis of its ability to withstand the action of the agencies of de 

struction to which all rocks are subjec ted. These agencies of dis- 

integration are both mechanical and chemical. With respect to 

the mechanical, gravel may be looked upon as a residue which has 

survived the rolling, pounding, and abrasion incident to its trans 

ream course, an experience which, if the jour portation along the st 

ney be a long one, effectively erinds down and destroys all but the 

most resistant of the materials subjected to it. 

From the standpoint, also, of rock decomposition gravel is par 

ticularly resistant, for it is a rock whose component materials MoU 

re severally selected on the basis of their ability to withstand such 

f normal development where there a regi no decomposition. In 

s been no interference with normal conditions by such accidents 

is glaciation, the stream gravels represent. in the main, only rocks 

ragments of rocks which, by virtue of their resistant qualities, wr fr 

have been able to survive unchanged the decomposition and 

nechanical disintegration which has effectively destroyed the rock 

surrounding them. They have undergone successfully the ordeal 

which has destroyed the neighboring rock. Phey are therefore 

ble to resist further subjection to the action of the same agen- Stl ible 

cies of change. 

Physically also, gravel is especially fitted to resist disintegration 

because in it the component fragments are reduced to compact 

inits unbroken, as a rule, by fractures or other lines of weakness 

re generally smoothed and give little opportunity for ne surtaces a 
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the attack of frost or for the entrance of percolating water, while 

the comparatively small size of the units diminishes the activity of 

insolation as a disintegrating agent. For these reasons, while 

massive quartzite, for instance, may be as resistant as gravel to 

disintegration due to either mechanical abrasion or chemical decom- 

position, it will be more likely, especially if in larger masses, to 

suffer more from the effects of insolation and frost. 

From the foregoing it is clear that stream gravels, particularly 

the coarser ones, may properly be looked upon as concentrates of 

the most resistant elements of the rocks from which they are derived. 

[t follows that a gravel of such a nature will be more resistant to the 

agencies of disintegration than the original rocks. From its very 

nature and origin a gravel deposit should be expected to offer great 

resistance to the normal agencies of sub-aerial denudation. This 

resistant quality is particularly significant in the development ot 

the topography of gravel deposits, since, disintegration being at 

minimum, bodily removal of the component units of the gravel is 

necessary for their reduction; and, as we shall point out later, bodily 

removal, too, is at a minimum except along the immediate courses 

of good-sized streams. In the latter situations this may be readily 

accomplished, but away from the actual stream course the removal 

of the material must necessarily be very slow. The importanc« 

of this point in relation to the dissection of the alluvial fans along 

the base of a mountain range will be more fully elaborated on 

subsequent page. 

The second characteristic of gravels which makes them resistant 

to the disintegrating and erosive forces which would wear them 
oht il down is their porosity and the consequent comparatively slight 

development of surface drainage on the gravel areas. A gravel 

deposit of moderate coarseness offers the maximum of favorabl 

conditions for the absorption and storage of the rain which falls 

upon its surface. This hinders the formation of small surface 

streams, and since, as we have seen, disintegration is at a minimum, 

and the removal of the gravel is almost entirely dependent upon the 

transporting action of such streams, the gravels are doubly pro- 

tected from removal. 

From the foregoing theoretical considerations we should expect 
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hat gravel would be one of the most resistant of rocks as far as 

its relation to the processes of disintegration and removal is 

concerned. 

Compare, for instance, the relative ease with which weathering 

nd erosion break up and remove the rocks from an area of granite 

nd from one of moderately coarse gravels in a similar situation. 

In the case of the granite there is always a greater or less number of 

‘ints or fissures through which water may enter and perform its 

work of disintegration either by direct chemical decomposition or 

by the subsidiary agency of frost. In contrast to this there are 

the smooth, usually fissureless surfaces of the gravel units. The 

granite is made up of a variety of minerals, some of which are easily 

attacked by the weathering agents. Some, it is true, are as resist- 

ant as the most resistant components of the gravel but in every 

case these are small, being limited in size by the texture of the 

granite. There is too, in a rock of complex mineral composition, 

the factor of pulling apart of the mineral grains by differential 

expansion and contraction. 

rhe less resistant minerals, by weathering away and breaking 

down, leave the harder and more resistant ones free to be removed 

by the surface waters. Since, in general, the size of the grains is 

comparatively small, in a granite scarcely exceeding one centimeter 

in diameter, the resistant materials are readily removed by the 

streams in the form of sand, while the products of the more thor- 

ough disintegration of the less resistant minerals are easily carried 

iway in suspension or solution or may even be, in considerable 

measure, picked up and carried off by the winds. 

Thus we see that a granite is much more vulnerable to the 

attacks of the weathering agencies than a coarse gravel. What 

is true of granite is also true in varying measure of any of the less 

resistant sedimentary or igneous rocks, such as shale, soft sand- 

stone or limestone, diorite, etc. In the case of quartzite and cer- 

tain of the lavas it is a question which would disintegrate more 

rapidly, these or the gravel. The latter has in its favor, as a resist- 

ant rock, the factor of porosity and the slight effect of insolation. 

All the above considerations apply particularly when the slope 

is low. On very steep slopes the lack of coherence of the gravel, 
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combined with the effect of gravity and the rapid mechanical 

erosion, would doubtless cause more rapid removal of gravel 

than of granite on account of the dominance of the factor of bodily 

transportation. 

PIEDMONT GRAVELS NEAR SILVER CITY, NEW MEXICO 

Near the town of Silver City, N.M., best shown between there 

ind the smaller town of Central, seven miles directly to the east 

see U.S.G.S., Silver City quadrangle), there lies a gravel deposit 

Piedmont nature which presents points of particular interest 

in connection with the thesis just presented. The road from Silver 

City to Central follows closely along the inner or mountainward 

margin of this deposit (Fig. 1) which extends from here southward 

for 40 or 50 miles as a part of the gravel fan of a great interior basin 

which, with its tributary basins, covers a large area in the south- 

western part of the state. 

The gravel plateau, as it will be called, in the portion under 

consideration between Silver City and Central, has a slope to the 

south of about roo ft. per mile and strikes approximately east and 

west. It is characterized by great uniformity and evenness as 

seen from any point on the plateau surface. One sees merely a 

monotonous plain of gravel, horizontal as one looks to the east or 

west, but sloping always toward the south. This appearance of 

great evenness applies, however, only to the remnants as seen from 

a point on the plateau surface, for, particularly near the northern 

or mountainward margin, it is considerably dissected by streams 

which, flowing outward from their sources in the mountains, have 

carved long, usually nearly straight and parallel valleys down the 

dip of the plateau (Fig. 2). These valleys are cut to a depth 

of about 150 ft. at the maximum. As one follows them out toward 

the desert plain they gradually become shallower and finally dis- 

appear altogether. Degradation there gives place to aggradation. 

The gravel of the plateau is composed of rocks found in place in 

the mountains and the whole character and relationship of the 

deposit points clearly to its origin as a Piedmont accumulation of 

gravel spread out from the adjacent mountains to the north at some 

earlier time before dissection set in. 
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While from its nature as a Piedmont accumulation, the gravel 

of the plateau has not suffered complete elimination of the less 

resistant elements, it is, nevertheless, an assorted mass in which 

rocks of the more resistant kinds strongly predominate. A list 

ot a few of the more common of these will give a fair idea of the 

nature of the gravel and of the extent to which the more resistant 

rocks dominate. The list follows: green quartzite, white quartzite, 

light-colored rhyolite, basalt, diorite, epidotized granodiorite, garnet 

rock, and magnetite from the Hanover ore deposits. 

Fic Looking down one of the valleys which crosses the gravel plateau f 

the lowland to the desert beyond. Note particularly the character of the 

s narrowness and lack of tributaries. Compare this with the broad valleys dev« 

he bed-rock of the lowland as shown in Fig. 3. Lone Mountain in the backgr 

The coarseness of the material varies. Individual bowlders of 

large size are buried in a matrix of smaller bowlders, pebbles, and 

sand. This combination gives a rock of very porous nature 

capable of absorbing quickly the water which falls upon it. At th 

same time the removal of the finer material of the matrix leaves 

the coarser bowlders and pebbles concentrated at the surface wher 

they form a very effective protective covering—effective against 

either rain erosion, wind, or decomposition. 

The most conspicuous feature in connection with this plat 

is the fact that it is now separated by a lowland from the mour 
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tains which supplied the material for its construction. Nor is this 

lowland the site of a stream valley. It runs, on the contrary, 

parallel to the strike of the beds and is crossed directly by the 

course of all the streams which flow from the mountains out through 

the dissected plateau to the desert beyond. 

A good idea of the nature of the lowland may be gained from the 

photograph, Fig. 3 (see also the map, Fig. 1). This shows the low- 

land in the foreground and to the left; the even-topped gravel 

plateau on the skyline; and, sloping down toward the observer, 

3.—Looking southeast from the Central road three miles east of Silver City. 

view shows « learly the even topped gravel plateau and its inward slope toward the 

in the toreground 

] 
the inner scarp of the plateau facing the lowland at the divides 

between streams. The view is looking southeast from the Central 

road three miles east of Silver City. 

On the interstream ridges the difference in elevation between 

the inner lowland and the tops of the plateau surface varies between 

50 and 100 ft. In going northward along the tops of the divides, 

LOW ard the mountains, one must travel from 5 to 2 miles before he 

again encounters ground as high as the tops of the gravel plateau. 

li the dip slope of the plateau surface is projected across the low- 

land toward the mountains the present land surface is not inter- 

sected within a distance of about 4 miles, on the average. from the 
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general line of the gravel plateau. Such a projection may be 

assumed to be a minimum original slope, for it makes no allowance 

for an increased slope of the plateau surface nearer the mountains, 

as must have been the case if the gravels once covered the lowland. 

This feature is illustrated in the two profiles shown in Fig. 4, 

drawn to scale from two different points well out on the plateau 

northward across the lowland to the base of the mountains. 
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Profiles across the gravel plateau and the lowland from points or 

lesert to the foot of the mountains, showing the projected gravel surface 

relations of the gravels to the mountains 

With topographic relations as they are at present the nearest 

possible source of the gravels of the plateau is separated from it by 

. lowland averaging 4 miles in width. It will be at once evident 

that, at the time of the formation of the plateau, the lowland could 

not have existed in its present relation. Any one of three things may 

have happened to bring about present conditions: (1) The gravels 

may have been removed by erosion from the area between their 

present limit and the mountains; (2) there may have been faulting 

by which the lowland was relatively lowered; or (3) the mountains 
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may have worn back and the lowland developed by differential 

erosion since the deposition of the gravels. 

Opposed to the first of these alternatives is the fact that the 

gravel plateau ends abruptly along a relatively straight line. There 

ire no outliers of gravel between this general line and the mountains. 

[t is highly improbable that streams flowing nearly parallel and not 

more than a mile apart should strip all signs of the gravels from the 

ipper four miles of their course, while in their lower course, where 

they flow across the gravel plateau, they should be in relativeiy 

narrow valleys with almost no tributaries and should have done 

littke more than to cut their way through the plateau without 

having been able to widen their valleys to any great extent (Fig. 2 

A second objection is the fact that the line of contact between 

the gravels and the underyling rock slopes upward toward the moun- 

CO httcnte Surrface ‘ : —$$$_—_ 4a * Yaa — 
— ot” « Sim a aoe eeenretincennstinieticcennees 

ange 5 ee © ‘ «ak Lon ; f2~ --"e- Fock Fp ece : Grave? ne See eS Oa ee P ¢ 

rojile of Stream cnt 
| 
= esapetuianimmsianetnnamninasensnaniainnstiisiaamann . —— 

l \ n ] ] I 5 Sketch the relation between the gravels of plates nad the 
, 

I gf I! tes 1 t € gravels never reached I earer « 

tains at such an angle that it would intersect the projected line 

of the plateau surface at a point not far within the present limit of 

the gravels (see Fig. 5). In other words the gravels thin toward 

the mountains at such a rate that they would wedge out within a 

short distance from their present limit, and the lowland is accord- 

ingly developed in the bed-rock. 

A third objection is raised by the fact that in the gravels of the 

plateau there are aggregations or nests of huge lava bowlders, 

some of them 15 feet in diameter, which indicates that the moun- 

tians must at one time have been closer. for bowlders of such size 

are too large to be carried far by water, particularly by water 

flowing on a slope of roo ft. per mile. which is approximately that of 

the plateau surface. 

rhe second alternative, faulting, seems highly improbable, for 

here is no evidence whatever of the presence of faults along the 
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line between the gravels and the lowland. At Silver City a tongue 

the gravel plateau extends with accordant grade directly across 

the line of any fault which might have uplifted the gravels farther 

east. Further conclusive evidence of the lack of fault relation 

ships of the lowland is furnished by the fact that the contact 

between the gravels and the underlying rock runs down the valleys 

up across the interstream ridges in a perfectly normal manner 

nd with such wide divergence from a straight line as to preclude 

rhe failure of the tirst two hypotheses to account for the inne 

? hrowla}r nd leaves only the third, that 

lls for, first, t 

of differential erosion. This 

he formation of the plateau as a Piedmont plain of 

iccumulation at the base of the mountains; later, the cessation ot 

ictive aggradation, possibly because of a lowering of the moun 

ins through erosion; the initiation of a degradational phase ot 

ctivity; and finally, the gradual erosional retreat of the mountain 

1d the reduction of the intermediate land at a rate faster 

hat of the gravels, leaving them standing in their present 

[Important in this connection is the nature of the rock composing 
] ] é low and. It is, in the main, a series of soft Cretaceous shales 

o¢ FF 
by dikes of a moderately resistant igneous rock. In parts « if 

he lowland the shales are absent and the bed-rock is igneous 

however, makes little difference in the nature of the resulting 

opography. Everything is worn down to a nearly uniform level 

lower than that of the gravels. 

\ discussion of all the possible causes of the change in the phas 

of activity from one of aggradation to one of degradation would 

be out of place here. Two such may, however, be mentioned. The 

first is change in climate, the second, a lowering of the mountains 

by erosion with consequent relative increase in the factor of decom 

position, over that of disintegration and transportation, brought 
i} if yout by the lessened slope. 

If the same process of differential erosion continues, the moun 

tains will eventually become much reduced in height while th 
ora I gravels, suffering less by erosion, will stand relatively higher and 

finally come to dominate the topography of the surrounding 
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country. With respect to the drainage to the south, the extent to 

which this process can be carried is limited by the base level of the 

interior basin to which the streams are tributary. 

A factor which must profoundly affect the topographic develop 

ment of the whole region is the Gila River with its tributaries which, 

passing within 20 miles of Silver City, to the northwest. drains 

large proportion of the mountain area. The Gila drains directly 

» the sea, and being a good-sized permanent stream, whose valley 

is some 1,600 ft. lower than the gravel plateau, it is actively pushing 

its headwaters southeastward into the drainage area of the interior 

basin in which the plateau is situated. The divide, in one place, 

now lies only 6 miles from the gravel plateau and is only 4oo ft. 

higher. The Gila affords opportunity for the free removal of the 

vaste from the mountains. Short and steep slopes combine to 

increase its effectiveness. 

Eventually the normal outcome of processes now in operation 

should be that the mountains would become lowered; the interior 

lowland between the plateau and the mountains would, by capture, 

become tributary to the Gila; and the plateau itself, remaining 

higher on account of its superior resistance to erosion, would ter- 

minate in a scarp overlooking the lower lands to the north. 

SIMILAR FEATURES IN OTHER REGIONS 

Other areas are known where gravel deposits of a nature similar 
| 
I to t lose on the plateau east of Silver City occupy a similar topo- 

graphic position and seem to show much the same history. 

A good example, with which the writer is familiar, is the Bishop 

conglomerate of ‘southwestern Wyoming and northeastern Utah. 

rhis represents a Piedmont gravel accumulation derived from the 

Uinta Mountains, and at one time skirting entirely round their 

base. Subsequent erosion has so lowered the mountains that over 

considerable areas, particularly at the eastern end, they are actually 

lower than the tops of the gravel-capped plateaus which represent 

the eroded remnants of the Piedmont gravel deposits. This condi- 

tion has been described by the writer in an earlier paper.t| Between 

‘The Physiography of the Bishop Conglomerate, Southwestern Wyoming,” 

G XVIII, No 1910), 601-3 
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the mountains and the plateau are valleys sometimes 10 to 15 miles 

wide, and as much as 2,500 ft. deep (¢bid., p. 622). Other observers 

who have worked on the south side of the range report similar 

conditions there. 

The resistant qualities of the gravel are particularly well illus- 

trated by the Bishop conglomerate. The plateaus have remained 

with little change while general erosion has lowered the surround- 

ing country nearly 1,000 ft. on the average. 

In point of origin and later development, the Bishop conglomer 

ate is thought to represent exactly the same type of phenomenon 

as we have described from the Silver City region; the only differenc« 

being that, in the former case, the process has been carried farther 

and the results are just so much the more striking. 

CYCLE OF MOUNTAIN DEVELOPMENT 

If the above analy sis is correct, as it seems to be, both from thx 

theoretical side and from field observation, the influence of gravel 

deposits is an important factor to be considered in the cycle ol 

development of mountain topography. This cycle is admittedly 

complex, involving many factors, but for the purpose of clearly 

presenting the point especially in mind at the present time, it is 

not necessary to follow each of the factors involved. On the con 

trary, the consideration of the subject will be confined, as far as 

practicable, to a brief outline of the manner in which gravels, by 

reason of their selected nature, suffer less than other rocks. 

At the initiation of the cycle of mountain development let us 

postulate the following ideal conditions: A mountain range, or 

simple fault block of moderately resistant and varied rocks sharply 

uplifted above the surrounding country. Free drainage from thi 

foot of the mountains to some base level, either of interior or of 

exterior drainage, lying at a considerably lower elevation. In 

order to give the maximum of favorable conditions, we will postu 

late further that the climate is semi-arid so that vegetation plays 

a subordinate réle. 

Granting these initial conditions, and assuming that there ar 

no further crustal movements, let us trace the development of 

the mountain range. 



GRAVEL AS A RESISTANT ROCK vA oO Jt 

At first, with steep, exposed slopes, disintegration, through frost 

and insolation, and erosion will be rapid. The streams, while 

powerful enough to carry the loosened material down the steep 

slopes, will be unable to transport it across the lowland below. 

Piedmont fans of coarse gravel will accumulate along the mountain 

base. As time goes on the fans will continue to grow at the expens« 

of the mountains. During this stage the fans are the seat of con- 

tinual deposition, the mountains of continual waste and removal. 

Finally there must come a time when the mountains have become 

so lowered that the streams are no longer flowing over steep slopes. 

\s this stage is approached, disintegration and decomposition 

within the mountain area will become relatively more important 

and the rocks will be reduced to a finer condition before being car- 

ried off. The streams will no longer be overburdened with sediment 

too coarse to be carried beyond the base of the mountain. At 

this point the upbuilding of the fans at the immediate mountain 

base must cease while the locus of deposition is shifted farther out 

because the stream load, being of a finer nature, may be carried to 

greater distance before deposition occurs. 

Chis is the turning-point in the history of the mountain range. 

From now on, both mountains and fans will be subject to denuda- 

tion or degradation. If both the fans and the mountains were 

worn down at an equal rate, the whole area would merely lose in 

elevation without any marked change in the relations of mountains 

and gravels. Since, however, according to our thesis. the gravels 

will suffer from erosion less than the rocks of the mountains. 

differential erosion becomes an important factor. As the slopes 

decrease and decomposition plays an increasingly imporiant role 

while the material furnished to the streams becomes finer and less 

n amount, the burden of the streams becomes less and they are 

able to cut where deposition was in progress before, and will sink 

their channels into the Piedmont fans. 

Since the mountains are lowered faster than the gravels, a low- 

land will gradually develop, beginning first near the position of the 

inner margin of the gravel at the time of the change from aggrada- 

tion to degradation. If the base level of the streams is sufficiently 

low, this lowland may eventually come to include the whole of the 
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If the streams crossing the Piedmont fans 

sink deeply enough they may finally cut entirely through the gravel 

into the underlyin In that case we will have a plateau 

between the streams, capped by gravels of a composition corr 

sponding to that of the rocks of the lowland which occupies the si 

a level higher than t 

summits of these mountains as they now exist. 

Various combinations of factors will modify in different ways 

course of development as sketched above, but the genera! 

principle involved should hold true, and the results should be ir 

harmony with this principle as modified by the particular factors 

ILLUSTRATING DEVELOPMENT ABOVI 

\s examples of the influence of the slower differential erosio1 

deposits the following may be mentioned: The region 

the Uinta Mountains and the associated Bishop 

‘ats 

ist of Silver City; 

conglomerate, both described in the preceding pages. 

kill Mountains of New York, in their relation to the old lowland t 

ire a possible illustration of the principle. 

+ 
Lt 

he 
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INTRODUCTION 

The Cretaceous formations represented in the area under dis 

cussion are the Pierre shale and Fox Hills sandstone. Overlying 

the latter is a non-marine formation, which has variously been 

called **the Ceratops beds,”’ ‘‘ Lower Fort Union,”’ ** Somber beds,’ 

‘‘Laramie,”’ ‘‘Hell Creek beds.”’ and ‘“‘Lance formation.”’ The 

United States Geological Survey has recently adopted the nam¢ 

‘Lance formation,” derived from the term ‘Lance Creek beds,” 

which was applied to the deposits by J. B. Hatcher, and this nam« 

is employed in the following pages. The age of the Lance formation 

is still unsettled, some geologists regarding it as part of the Fort 

Union and thus early Eocene in age, while others believe that it 

included, or is part of the Laramie and is, therefore, Cretaceous 

The Tertiary formations are represented by the Fort Union and 

White River. 

Western North Dakota is particularly favorable for the stud) 

of these formations, since they are excellently exposed in the 

Little Missouri badlands and along the valley of the Missouri 

and its tributaries. Bowman and Billings counties afford a con- 

tinuous section extending from the Pierre shale up through the 

Fox Hills, Lance formation, and Fort Union to the White River 

beds of the Oligocene, involving a thickness of some 2,150 feet of 

Strata 

The 

of field work in North Dakota and Montana, a portion of the time 

as assistant on the United States Geological Survey, and a portion 

lata here presented were gathered during seven seasons 
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under the auspices of the North Dakota Geological Survey. The 

work in Montana was confined mostly to Dawson and Custer 

counties, the Yellowstone River having been followed from its 

mouth to Miles City, and a trip being taken north from Miles City 

to the Hell Creek region and across the Missouri River to Glasgow. 

PIERRE SHALE 

The Pierre shale is exposed along the Missouri River for a dis- 

tance of about twenty miles north of the South Dakota line, or 

as far as the mouth of Big Beaver Creek in Emmons County; 

n eastern Montana it appears along the Missouri Valley from a 

point probably as far west as the Musselshell River to the station 

of Brockton, on the Great Northern railroad, or a distance of 

nearly 180 miles; it also occupies a small area on Little Beaver 

Creek in northwestern Bowman County, North Dakota, which is 

probably continuous with the Pierre outcrop on the Yellowstone 

River, twelve miles above Glendive. 

Che Pierre formation is a bluish gray to dark gray, sometimes 

almost black, jointed shale, which often weathers into small, 

flaky fragments. The rock commonly shows yellow spots or stains 

of iron oxide. The topmost beds of the Pierre contain numerous 

calcareous concretions varying in size from a few inches to six and 

eight feet in diameter. Some of these concretions are rich in 

invertebrates, which are characteristic of the upper forty or fifty 

feet of the Pierre, while others are barren of fossils. Many are 

cut by a network of calcite veins which are commonly lighter 

colored than the matrix. The following species, identified by Dr. 

r. W. Stanton, were collected in the Little Beaver Creek locality, 

Bowman County, North Dakota: 

Ostrea pellucida M. and H. Lunatia. 

\vicula lingueformis E. and $ Anisomyon patelliformis M. and H. 

Inoceramus cripsi var. barabini Mor- Margarita nebrascensis M. and H. 

Fasciolaria ? Cryptorhytis) — flexi- 

Chlamys nebrascensis M. and H costata M. and H 

Yoldia evansi M. and H. Pyrifusus. 

Nucula cancellata M. and H. Haminea ? occidentalis M. and H 

Lucina occidentalis Morton Scaphites nodosus Owen vars. brevis 

Protocardia subquadrata E. and S$ and plenus 

Callista deweyi M. and H Nautilus dekayi Morton. 
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From the locality on the Yellowstone, at the mouth of Cedar 
Creek, the following marine shells were secured, from the upper 

fiftv feet of the Pierre: 

\vicula nebrascana M. and H Scaphites nodosus Owen vars. brevis 

Avicula linguaeformis E. and $ and plenus 

Inoceramus sagensis Owen Limopsis parvula M. and H 

[Inoceramus cripsi var. barabini Mor- Yoldia evansi M. and H 

ton Lucina subundata M. and H 

Modiola meeki E. and § Protocardia subquadrata E. and $ 

Veniella subtumida M. and H Dentalium gracile M. and H 

Callista dewevi M. and H. Vanikoro ambigua M. and H 

Anchura americana E. and § Margarita nebrascensis M. and H 

Haminea occidentalis M. and H Fasciolaria (Piestocheilus) culbert 

Pyrifusus newberryi M. and H soni M. and H 

Lunatia concinna M. and H Baculites ovatus Say 

Scaphites nodosus var. quadrangu Nautilus dekayi Morton 

ris M. and H Chlamys nebrascensis M. and H 

The beds which outcrop at the latter locality on the Yellow 

stone, twelve miles above Glendive, Montana, are brought above 

river level by an anticlinal fold, the dip of the strata here being 

S. 52: W. The Bowman County outcrop is probably caused 

he same anticline, since the strike of S. 38° E. shows that the 

fold so well « xposed on the Yellowstone, if continued in that dire 

tion, would include the Little Beaver Creek locality. That th 

two areas of outcrop are continuous seems probable from the fact 

that ammonites and other marine shells are reported to hav 

been found at several intervening points on Cabin and Cedar 

creeks 

Chere are extensive outcrops of Pierre shale along the Missouri 

River and its tributaries in the northeastern corner of Montana 

in Dawson and Valley counties. At the mouth of Big Dry Creek, 

fifteen miles south of Glasgow, the shale rises 200 feet above thi 

river, and it is also well shown on most of the creeks entering the 

Missouri from the south for a distance of eighty or one hundred 

miles west of the Big Dry. Among these is Hell Creek, on whict 

150 feet of Pierre are exposed above creek level. Among the most 

common fossils occurring in the calcareous concretions of this 

locality are ammonites and baculites 



CRETACEOUS AND TERTIARY FORMATIONS 511 

In the southeastern corner of Custer County, Montana, as a 

result of the Black Hills uplift. the Pierre shale outcrops over an 

rea of considerable extent, overlying the Benton and Niobrara 

formations, which also appear at the surface 

FOX HILLS SANDSTONI 

Che Fox Hills sandstone is the most recent of the marine for- 

mations of the Great Plains region. It is very variable in character 

and undergoes considerable change in composition and appearance 

from one locality to another. It is exposed on the Missouri River 

as far north as old Fort Rice, about eight miles above the mouth 

of the Cannon Ball River; it appears on Little Beaver Creek. a 

tributary of the Little Missouri in southwestern North Dakota; 

on the Yellowstone a few miles above Glendive, Montana; it 

occurs In the Heli Creek region, and also on the Missouri River, 

near the town of Brockton, Montana. 

On the lower Cannon Ball River, for a distance of ten or twelve 

miles above its mouth, the Fox Hills formation is exceptionally 

well shown. In many places it forms cliffs rising abruptly from 

he water's edge, and the cuts made for the new branch line of the 

Northern Pacific afford many excellent exposures. It rises eighty 

to ninety feet above the Cannon Ball River, or approximately 

O80 feet above sea-level. 

Che Fox Hills sandstone when unweathered is gray with vellow 

patches, but in weathered outcrops it is vellow or brown in color. 

Che rock is rather fine-grained and, for the most part, so soft and 

friable that it can be crumbled in the hand. Cross-bedding is 

very common and the rock contains great numbers of large and 

small ferruginous sandstone concretions or nodules, many of thes 

likewise exhibiting cross-bedding. The nodules are apparently 

due to the segregation of the iron into irregular patches cementing 

the sand into firm, hard masses, considerably harder than the 
} ; sandstone in which they are imbedded. In many places the iron 

has impregnated certain layers and formed indurated ledges 

which resist weathering and project beyond the softer portions 

Fig. 1 [he nodules vary in size from an inch and less to six 

and eight feet. Small. irregular, twisted or stem-like forms are 
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abundant at certain points. Some portions of the rock are so 

completely filled with these brown concretions that they constitute 

the main bulk of the formation, and the gray, loosely cemented 

sandstone forms a kind of matrix in which the hard nodules are 

imbedded. In the process of weathering these more resistant 

nodules project far beyond the softer rock, and at the base of slopes 

and scattered over the surface they are exceedingly abundant. 

q ° > 

Fa ‘ ’ : 

a. . . > 
ee “= . Wes 

Fic. 1 Che Fox Hills sandstone on Cannon Ball River, North Dakota, showing 

rd ledges and concretions on a weathered surface. 

Where the rock has only a few concretions, and therefore, where 

the iron has not been segregated to as large an extent at certain 

points, the sandstone is of a yellow color, due to the disseminated 

iron oxide. On the other hand, where the brown ferruginous 

nodules are thickly scattered through the beds, the rest of the rock 

is gray, the iron having been largely leached from it and concen 

trated in the nodules. Many of the latter are of good size and 

spherical in shape, and it is these which have given its name to the 
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Cannon Ball River, since they occur abundantly along that 

stream. 

The following Fox Hills fossils were collected on the Cannon 

Ball River about ten miles above its mouth:! 

lancredia americana M. and H Avicula nebrascana E. and $ 

( ista deweyi M. and H. Protocardia subquadrata E. and §S 

Tellina scitula M. and H Mactra warrenana M. and H 

I] la M. and H Mactra ? sp 

Che tirst three in the above list occurred in a bed of sandstone 

tv feet below the top of the formation, while the others were 

“om a higher horizon, ten feet below the top of the Fox Hills. 

\bout three miles below this locality specimens of Mactra 

wrenana M. and H., Dentalium gracile M. and H.? and Cinulia 

tncinna (M. and H.)? were collected. 

On Long Lake Creek, a tributary of the Missouri River, from 

he east the sandstone yielded the following: Avicula linguiformts 

E. and S., Tellina scitula M. and H., and Chemnitzia cerithiformis 

M. and H.? 

Che contact of the Fox Hills sandstone with the overlying 

Lance formation is well shown in the bluffs on the north side of 

e Cannon Ball River, about ten miles above its mouth. Hers 

two formations are seen to be conformable, the top of the Fux 

Hills being marked by a light gray, almost white sandstene, which 

exhibits cross-bedding (Fig. 2). This bed is one foot to eighteen 

inches thick. Sedimentation was apparently continuous from 

Fox Hills time on into the period when the Lance beds were being 

‘med. 

East of the Missouri River, in Emmons County, the sandstone 

is present on Beaver Creek, extending up the valley of that stream 

1ost to Linton, and having an elevation of nearly 150 feet above 

he creek, near its mouth. 

\bout 160 miles west of the Missouri River, the Fox Hills 

sandstone is exposed in a small area on Little Beaver Creek, in 

the northwest corner of Bowman County, North Dakota. The 

section here is as follows: 

] Dr. T. W. St 
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Sandstone, massive, light greenish gray, weathers to yellow color 5c 

Sandstone ledge, yellow S—-10 

Clay, sandy, finely laminated and formed of alternating light and dark 

laminae. Contains nodules of iron pyrites. Exposed above creek 

level 

In this upper sandstone, Dr. T. W. Stanton collected several 

marine fossils characteristic of the Fox Hills, including Leda 

ro is P “ye te 
_* > 

“ 

rd 
ar 
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Fic. 2 Che Fox Hills and Lance formations on the Cannon Ball River The 

mtact is at the hard ledge on which the man is standing. 

Yoldia) evansi, Tellina scitula, Entalis? paupercula, and Haly 

meniles major 

Where exposed in bluffs along Little Beaver Creek, at several 

points the gray sandstone shows an uneven, eroded surface, 

which the writer has described as an unconformity.’ It may, 

however, be due to the action of currents in the shallow sea of 

Fox Hills time, as suggested by Dr. Stanton, in which case no long 

' Filth Bi Re port, N.D. Geol. Surv., 44 
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time interval between the deposition of the sandstone and the 

overlying Lance beds would be indicated by the eroded surface 

of the Fox Hills 

In the vicinity of Iron Blutis, on the Yellowstone twelve miles 

southwest of Glendive, Montana, the Pierre is overlain by 150 feet 

of sandstones and shales. the age of which is in doubt, though the 

beds have the stratigraphic position of the Fox Hills. The lower 

seventy tive feet is composed of shales and sandstones while the 

upper half is formed of a brownish sandstone. The only fossils 

found in these beds at this locality are some plants, which are 

too fragmentary to be identified 

The Fox Hills sandstone is well exposed on Hell Creek, a trib 

itary of the Missouri River in northwestern Dawson County, 

Montana. Lying above the dark gray Pierre shale, with its 

fossiliferous concretions, are roo feet of shales and sandstone 

belonging to the Fox Hills. The formation is here composed of 

ight gray to yellow, more or less sandy shale, with some layers 

of nearly pure sandstone. About eight feet below the top, there 

is quite a persistent bed of fine-grained yellow sandstone with a 

thickness of eleven feet (Fig. 3). The beds are lighter in color 

and, for the most part, more sandy than the Pierre shale. From 

concretions near the summit of the Fox Hills on Hell Creek, Mr 

Barnum Brown collected the following shells :' 

Cardium (Protocardium) subquad Lunatia concinna M. and H 

ratum E. and S Cylichna scitula? H. and M 

Nucula cancellata M. and H Baculites ovatus Say. 

Tellina scitula M. and H Scaphites conradi Morton 

Yoldia evansi M. and H Chemnitzia cerithiformis M. and H 

Crenella elegantula M. and H Mactra? nitidula M. and H. 

Piestochilus culbertsoni M. and H Actaeon (Oligoptycha) concinnus M 

Anchura (Drepanochilus) americana and H 

E. and $ 

Along the Missouri River valley, over too miles northeast of 

Hell Creek, and near the station of Brockton, on the Great Northern 

Railroad yellow sandstones interstratified with gray clay are found 

overlying the Pierre. These beds are probably to be referred to 

Bull. Am. Mus. Nat. Hist., XXI1IT, 827. 

* Carl D. Smith, Bul/. U.S. Ge Surv., N 387, 38 
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the Fox Hills formation. Their thickness is about 200 feet and 

they are well exposed in the river bluff south of Brockton. Asa 

rule the sandstone is soft, but in places there are hard concretion- 

like masses, which after weathering stand out as ledges or as 

cannon-ball shaped masses imbedded in a matrix of softer rock. 

he material shows much irregularity of bedding, is in places 

cross-bedded, and is extremely variable in character horizontally. 

lhe Fox Hills sandstone probably occurs also about the Pierre 

shale area in southeastern Custer County, Montana. 

The variability of the Fox Hills formation is well illustrated by 

the foregoing description of its outcrops. In some places, it is 

omposed wholly of sandstone, in others it is mostly a sandy shale 

while in still others it is partly sandstone and partly shale. When 

shales are present they are generally arenaceous and are commonly 
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most abundant toward the base of the formation, where, in some 

places, they pass gradually into the Pierre shale. It will be seen 

from the above lists that some of the fossils occurring in the upper 

part of the Pierre range up into the Fox Hills. The top of the latter 

is better defined than its base, the change from it to the overlying 

Lance beds in some places being abrupt, but generally the two are 

conformable. The Fox Hills beds vary in thickness from seventy- 

five to two hundred feet. 

LANCE FORMATION 

The Lance beds have a wide distribution in North Dakota and 

eastern Montana, as well as in northwestern South Dakota and 

northeastern Wyoming. The largest area in North Dakota is 

in the south-central part of the state, where this formation occupies 

a large part of Morton county and all of the Standing Rock Indian 

Reservation, outside the Fox Hills and Pierre outcrops; east 

of the Missouri River, it covers southern Burleigh and the greater 

part of Emmons County, together with adjoining portions of 

Kidder, Logan, and McIntosh counties. In the southwestern 

corner of North Dakota is a second smaller area stretching along 

the Little Missouri River for a distance of over fifty miles in western 

Bowman and southern Billings counties. In eastern Montana 

the Lance beds are found along the Yellowstone River from the 

vicinity of Forsyth to a point about fifteen miles below Glendive. 

South of the Yellowstone, these beds are exposed along the valleys 

of the Powder and Tongue rivers and their tributaries. The 

badlands occupying a wide strip of country on the south side of 

the Missouri River in northern Dawson County are for the most 

part formed of Lance beds, and they extend as far east as Brockton. 

According to C. D. Smith’ the formation is found on the Fort 

Peck Indian Reservation, and the beds also occur west and north 

of the reservation in Valley County, Montana. 

South-central North Dakota area.—In Morton County, North 

Dakota, numerous good outcrops of the Lance formation appear 

along the Missouri, Cannon Ball, and Heart rivers and many of 

the smaller streams (Fig. 4). The beds are found along the Mis- 

' By U.S. Geol. Surv., Ne 30I, 30 
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souri River to within eight or ten miles of Washburn, where they 

disappear below river level and are replaced by the Fort Union. 

On the North Fork of the Cannon Ball they extend almost as far 

west as the Hettinger County line, and on the Heart River they 

reach to within a few miles of the Stark County line. Along the 

boundary between North and South Dakota the western border 

Fic. 4.—Bluff of Missouri River near old Fort Rice, showing the lower Lan« 

of the formation is not far from Haynes, on the Chicago, Milwauke« 

and Puget Sound Railroad. 

In passing down the North Fork of the Cannon Ball River 

from the western edge of Morton County to the junction with the 

South Fork, and thence down the Cannon Ball River to its mouth 

one traverses the entire thickness of the Lance formation from the 

Fort Union above to the Fox Hills below. About ten miles below 

the Hettinger County line, In sec. 5, ss 133 N., R. SO W.. the 
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contact of the Fort Union and Lance beds is well shown in the 

following section, exposed in a high bluff of the river: 
Feet Inches 

15. Shale, light gray and yellow, to top of bluff 16 

14. Shale, chocolate brown I 6 

13. Shale, light gray 6 

12. Shale, light yellow, soft, and readily crumbled 6 

tr. Shale, light gray ' 15 

to. Coal 4 2 

g. Shale, gray 23 

8. Coal... 2 

7. Shale rae 6 

6. Coal 31 

5. Shale, sandy, light gray 10 

4. Coal I 6 

3. Sandstone, light gray, cross-bedded : 25 

2. Shale, sandy, brown, with much iron 4-6 

1. Sandstone, soft, yellow, with concretions and some thin limoni- 

tic streaks, exposed above river 50 

103 0 

Nos. 1, 2, and 3 of the above section belong to the Lance for- 

mation, while the other members are Fort Union. As is the case 

at a number of points, a coal bed (No. 4) occurs at the contact, 

and there are also two workable beds above this. The upper 

sandstone of the Lance formation extends down the river seven 

or eight miles below this section, forming in many places vertical 

cliffs rising from the water’s edge. Then a dark shale appears 

beneath the sandstone as shown in the following section, which 

is seen about ten miles below the previous one, in secs. 29 and 

30, T. 133 N., R. 88 W.: 
Feet 

Sandstone, soft, yellow, to top of bluff vn st 

4. Shale, dark gray to black, alternating with thin-bedded, shaly sand- 

stone I5 

3. Shale, dark gray to black, when moist 70 

2. Sandstone, yellow, with hard ledge near top 20 

1. Shale, dark gray to black, sandy, exposed above river 25 

150 

Only twenty feet of the upper sandstone of the Lance formation 

appear at this point, and the bluffs are here formed largely of the 

underlying black shale. 
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lhe beds near the middle portion of the Lance formation are well 

exposed in the bluffs on the south side of the Cannon Ball River 

near Shields where the following section occurs: 

I 

s am supso 
4 

Sandstone, yellow to gray. soft and friable 31 

SI grav a vellow 

Sandstone, gray and yellow, containing thin shale layers and 

brown, carbonaceous streaks S 

~ grav. co g iron concretions I> 6 

Shale. black and brown, carbonaceous; containing dark brow: 

eT yg ous CONCTeCLIONS 6-I 

~} ‘ g 

S row eous 

he) | e, grav, § i\ 

Shale, brow eous I 

( 

s t N ‘ 

~} é g S i\ I 

~ ¢ ) ) eous 

S le cay = \ 

Ss} I r eous 

C] y " 

Sandstone, gray. soft, with shale laver near middle, 2-4 feet 

N 

Shale. or g 

| Xpost ( 

One of the characteristics of the Lance beds, exhibited in many 

widely scattered localities, is well shown in this section; namely 

the many brown, carbonaceous layers which are present, often 

forming a conspicuous feature of the formation, as along the Littl 

Missouri River. It will be noted that the beds are here composed 

ibout evenly of shales and sandstones, though the latter are con 

fined to three thick members. 

About thirty miles below Shields, and ten or twelve miles 

above the mouth of the Cannon Ball, the lower Lance beds ar 

exposed, together with the underlying Fox Hills sandstone, as shown 

in the following section: 
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Fe 

Drift gravel and sand 2 

Shale, dark colored 27 

Sandstone, soft, with many thin, brown, carbonaceous laminae II 

Sandstone, \ ellow, soft 10 

Shale, brown, carbonaceous, with two coal seams, one 3 inches and the 

other 7 inches thick 8 

Shale, gray 3 

Sandstone, gray 8 

Shale, gray 4 

Shale, brown, carbonaceous 3 

Sandstone and shale in alternating layers, the former predominating; 

colors, dark gray, brown, and yellow s= 

Shale, dark gray, with a few brown bands 22 

Sandstone, Fox Hills 80 

otal 241 

From the lower sandstone of this section, Fox Hills shells were 

collected. The Lance beds here rest conformably on this sandstone, 

and there appears to have been a gradual change from the marine 

conditions of Fox Hills time to the fresh-water conditions under 

which the Lance beds accumulated, with continuous deposition 

throughout. 

rhe strata forming the upper 350 feet of the Lance formation, 

comprising the upper, massive sandstone, and the underlying 

dark shales, are very well exposed in the valley of the Heart River, 

in Morton County. For a distance of five or six miles below the 

bridge on the Glen Ullin-Leipzig road, this valley is a narrow 

gorge walled in by sandstone cliffs. This rock, which forms the 

upper member ofthe Lance formation, is a massive, gray, brown, 

and yellow sandstone, having a thickness of approximately one 

hundred feet. The underlying shales are dark gray to black, 

when moist, and weather to a yellow color. They are cut by 

several sets of joint cracks and along these cracks the change 

from gray to yellow first takes place, the gray, unweathered material 

being left in the areas inclosed by the joints. Near the surface 

the shales are weathered and oxidized throughout, but at some 

depth the vellow color is confined to narrow bands on either side 
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of the joint cracks. In places, these beds are composed of thin 

layers of black shale and gray, very sandy shale, or sand. 

On the Heart River, south of Almont, the following section 

appears, embracing portions of both the Lance and Fort Union 

formations: 

Feet 

5. Sandstone, yellow, soft, massive sO 

}. Shale, yellow and light gray 61 

3. Sandstone, white 20 

Sandstone, yellow and brown below, gray toward top Che upper 

sandstone of the Lance formation 05 

t. Shales, dark colored 180 

410 

Nos. 1 and 2 belong to the Lance formation, while the three 

upper numbers are Fort Union. On the Heart River in the vicinity 

of Mandan and in the bluffs of the Missouri near Bismarck, the 

Lance beds are made up chiefly of the dark shales, as is evident 

from the two sections which follow. The first is exposed at the 

east end of the Northern Pacific railroad bridge over the Missouri 

River. 

Feet Inches 

Drift, resting on the eroded surface of the Lance formation 15-20 

Shale, dark gray to black, with thin, light gray streaks; cut by 

many joint cracks several inches apart. Faces of the joints 

stained by iron 42 

Shale, sandy, black I 

Shale black z 0 

Sandstone, dark gray to black I 

Shale, black 2 8) 

Sandstone, yellow 4 

Shale, dark gray to black, alternating with yellow, fine-grained 

sandstone and sandy shale. . . 22 

Shale, black 30 

Unexposed to river level 15 

Potal 14! 

The second section appears on the south side of the Heart 

River two miles above Mandan, and is as follows: 
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Soil, sandy , 3 

Sand, Pleistocene 20 

Shale, gray and black, mottled; arenaceous in part, the sand 

being very fine; sandy layers have yellow color. Some por 

tions contain considerable carbonaceous material, which 

gives the rock its black color. Shale cut by several sets of 

joints running irregularly in many directions, but all making 

large angle with the horizontal. These joint cracks are filled 

with gypsum and the sides stained with iron. The mottled 

character shows on weathered face of the bluff, where there 

are large blotches of black on the gray surface 28 

Shale, dark gray and yellow, some layers sandy; more thinly 

bedded than overlying member : 7 6 

Sandstone, soft, fine-grained, gray, and yellow . 6 

Sandstone, argillaceous, forming hard projecting ledge 2 

Shale, dark gray to black, alternating with bands of laminated, 

fine-grained, yellow sand 3 

Shale, dark gray to black, when moist 9 6 

Sandstone, soft and incoherent, yellow I 

Unexposed to river level 2 

Potal 10d 9 

In the vicinity of Long Lake, in southeastern Burleigh County, 

and in the railroad cuts along the Linton Branch of the Northern 

Pacific, in northern Emmons County, the sandstone and shales 

of the Lance formation are well exposed, and they outcrop at 

number of points about Linton. The eastern boundary can be 

determined only approximately on account of the heavy mantle 

of drift, which covers the bed-rock. 

The Lance formation of south-central North Dakota, as shown 

on the foregoing pages, consists of three members: an upper sand- 

stone about one hundred feet thick, a middle member composed 

of dark shales with a few sandstone layers and having a thickness 

of 200 to 250 feet, and a lower member made up of shales and sand- 

stone in alternating layers. This latter member has a thickness 

of 350 feet or over, and the maximum thickness of the entire Lance 

formation is probably not far from 7oo feet in this region. 

Fossils occur sparingly in this area. A portion of the tibia oi 
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friceratops' was found at a horizon about 150 feet above the 

Fox Hills sandstone, and in 1908 Dr. T. W. Stanton collected 

dinosaur bones a few miles north of the mouth of the Cannon Ball 

River. These were identified as Ceratopsia and Trachodon, and 

came from beds approximately too feet above the Fox Hills sand- 

stone 

ir The Lance beds exposed in bluff of Little Missouri River near mout 

iB ) Creek, Billings County, North Dakota. Shows many concretions 

Little Missouri area.—Along the Little Missouri River in the 

extreme southwestern corner of North Dakota the Lance Beds are 

excellently shown in the bluffs and badlands bordering the valley 

[In going down the valley from Marmarth to Yule, many good 

outcrops appear and one passes from near the base to the top of 

the formation (Fig. 5). It is seen to be composed mostly of alter 

nating beds of shale and soft sandstone, which have a notably 

dark and somber aspect in marked contrast to the yellow and light 

gray colors of the overlying Fort Union. The prevailing color 

Identified by Mr. C. W. Gilmore 

Wash. Acad. S XI, No. 3 (1909), 25¢ 
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is dark gray, but weathered surfaces, especially when moist, fre- 

quently have a greenish gray or olive color. Beds of brown, 

carbonaceous clay shale are very common and conspicuous. The 

strata also contain much dark brown, ferruginous material, occur- 

ring both in thin seams and concretions, the latter being most 

numerous at certain horizons, and fragments of these cover the 

slopes in many places. Great numbers of sandstone concretions 

are present, some small, and others eight or ten feet in diameter. 

Only thin beds of coal, not over eighteen inches thick or less, 

occur in the lower 300 feet or more of the Lance formation. Thus, 

in the 250 feet of strata exposed at the mouth of Bacon Creek 

there is practically no coal, the thickest bed being fifteen inches, 

and the same is true for all the Lance shales and sandstones exposed 

along the Little Missouri from the Pretty Buttes, five miles below 

Marmarth, to the South Dakota line. But in the upper portion 

of the formation, thick beds of lignite are found in many places. 

[In the vicinity of Yule, five or six coal beds are present in the upper 

part of the member, and the coal of Bacon and Coyote creeks 

occurs at about the same horizon. 

The basal beds of the Lance formation, together with the 

inderlying Fox Hills sandstone, are well exposed on Little Beaver 

Creek, several miles southwest of Marmarth, and the relation of 

the two has already been described in connection with the Fox Hills. 

he massive sandstone forming the top of the latter is seen to 

have undergone erosion before the deposition of the very carbona- 

eous and argillaceous, brown and black sandstone, which shows 

ross-lamination. Some of the depressions have been eroded to 

1 depth of six feet below the adjoining elevations (Fig. 6 

he uneven surface of the Fox Hills shown here is perhaps 

due to contemporaneous erosion, and practically continuous 

leposition may be represented in this locality, as on the Cannon 

Ball River. The thickness of the Lance beds in southwestern 

North Dakota is approximately 600 feet. It is not possible here 

to divide them into three members, since the upper sandstone 

and the middle shale member are absent, and the strata are com- 

posed throughout of rapidly alternating shales and sandstones. 

Plant remains are by no means as abundant in the Lance for 
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ation as in the Fort Union, and in most localities they are quite 

rare Che following species were collected in the upper portion 

Ol the Lance beds hear Yule" 

laxodium occidentale Newb Sapindus aflinis Newb 

Populus amblyrhyncha Ward Viburnum Whymperi Heer 

Platanus Haydenii Newb rrapa microphylla Lesq. of Ward 

Juglans rugosa ? Lesq Cocculus Haydenianus Ward 

Hicoria intiquora Newb Kn 

Che eroded surface of the Fox Hills sandstone overlain by dark, car 

ds of the Lance formation. Little Beaver Creek, Bowman Count 

According to Dr. Knowlton, these plants belong without ques 

tion to a Fort Union flora. Near the mouth of Bacon Creek in 

the lower part of the Lance formation and associated with the 

dinosaur bones, a Ficus fruit was found. The same species is i 

present in the beds on Hell Creek and at Forsyth, Montana. 

Five miles southwest of Yule, in section 16, T. 135 N., R. 105 W.., 

oyster bed was found in the summer of 1907. It was about 

180 feet above river level or some 500 feet above the base of the 

formation and most of the shells were near the middle of a layer 

of brown carbonaceous shale seven feet thick, with a coal bed 

Fr. H. Kno viton Identitied by Dr 
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below and another above. <A band six to eight inches thick is 

in places closely packed with the shells, which Dr. T. W. Stanton, 
who visited the locality in the summer of 1909, refers to Ostrea 

subtrigonalis and Ostrea glabra. While in the Little Beaver Creek 

region there was an abrupt change at the close of Fox Hills time 

from marine to land or fresh-water deposits, as Dr. Stanton points 

out, this oyster bed is evidence that in this neighboring area 

marine or at least brackish water conditions continued for some time after 

non-marine deposition began. . . . . Such an oyster bed must have been 
formed in tidal waters connected with the sea, and its presence here argues 
strongly for the assumption that the underlying portion of the Lance forma- 

tion was formed near sea level so that a slight downward movement permitted 

temporary admission of brackish water into the low lying swamps and marshes 

in which coal was forming. It is, therefore, most probable that the abrupt 
change from marine to fresh-water and land conditions seen near Marmarth 

is purely local, and that the eroded surface at the top ol the Fox Hills does 

not represent a time interval of any geologic importance 

The lower portion of the Lance formation contains many 

dinosaur bones among which those of Triceratops are most abun- 

dant. Many were found in the badlands at the mouth of Bacon 

Creek. Mr. Gilmore, who examined them, referred some tenta- 

tively to the species Triceratops horridus (?) and one belonged 

to the genus Trachodon. 

Yellowstone Valley area.—The Lance beds, as already stated, 

are found along the valley of the Yellowstone for a distance of 

nearly 150 miles, or from the vicinity of Forsyth to a point about 

fifteen miles below Glendive. They are well exposed near the latter 

town, and in the vicinity of Iron Bluff, about ten miles southwest, 

the following section occurs: 
Feet 

8. Coal bed, burned, but probably 6 feet thick 

7. Shale with a few thin beds of sandstone; one of these sandstone layers 
20 feet above the base contains many plants 150 

6. Sandstone, massive, gray 40 

5. Shale and sandstone; a few fossil plants at base 160 
4. Sandstone, massive, white; most prominent stratum in the region 35 
3. Sandstone, brown, forms summit of Iron Bluff 75 

2. Shale and sandstone 75 

1. Shale, dark, with calcareous concretions carrying abundant marine 

shells (Pierre); exposed to river level 100 

otal ‘ 635 

tm. Jour. Sci., XXX (September, tg1o), 183 
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Che succession of strata in the above section is unlike that of 

any other found in eastern Montana or North Dakota, which 

includes the beds from the Pierre to the Fort Union, in that the 

Fox Hills appears to be missing. At least, no invertebrates have 

been found in Nos. 2 and 3, and the plants are too fragmentary 

o be determined, so that the age of these 150 feet of sandstone 

ind shale overlying the Pierre is in doubt. They have the strati- 

graphic position of the Fox Hills, but in the absence of Fox Hills 

fossils it is perhaps best to include them provisionally with the 

Lance formation. 

In the white sandstone (No. 4) Dr. A. C. Peale collected the 

following plants: 

Populus ineata Ne ) Lauraceous leaf 

(sINKZO toides (I nger Heer Ficus or Sapi | S sp 

(Quercus sp Viburnum sp. 

Ficus trinervis Ki Viburnum whymperi Heer 

In the vicinity of Glendive, Barnum Brown records having 

fouad fra s of Triceratops and Trachodont dinosaurs. 

\t Miles City, the Lance formation rises 500 feet above the 

Yellowstone River and in Signal Butte and the Pine Hills, several 

om nt 
= A ELt nt 

} iles east of town it is overlain by 200 feet and more of Fort 

Union shales and sandstones. In this region, as elsewhere, the 

prevailing color of the Lance beds is dark gray, and they present 

oo e usual contrast to the light yellow and ash gray of the Fort 

Union Che formation here contains several workable coal beds 

which supply coal to Miles City. 

lhe following plants were obtained from the Lance formati ion 

in the bluffs of the Yellowstone across from Miles City at an 

elevation of from 115 to 125 feet above the river: 

Populus cuneata Newb Cornus Newberryi Hollick 

Populus amblyrhyncha Ward Nelumbo n. sp 

Populus nervosa elongata Newb Onoclea sensibilis fossilis Newb 

Populus rotundifolia Newb lrapa? microphylla Lesq., as iden- 

Corylus americana Walter tified by Ward 

Hicoria ? sp Corylus rostrata Aiton 

Pla ; 

WV \ H XXIII (19 s 

i lead. S Al, N D. 197 
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A large number of plants collected from the same formation 

in the Miles City region are listed by Dr. Knowlton in his discus- 

sion of this area.' 

The Lance beds extend up the Tongue river about 50 miles 

above its mouth, or to within about ten miles of Ashland.? 

That they extend up the Powder River at least twelve miles 

above Hackett is indicated by the finding of part of a Triceratops 

skeleton at that point by Barnum Brown, the bones occurring 

in dark shale near river level. There is also evidence for believing 

that the Lance formation appears along the Powder River valley 

almost if not quite as far south as the Wyoming line, Mr. E. S. 

Riggs, of the Field Museum of Natural History, having found on 

the East Fork of the Little Powder River ‘‘a weathered skeleton 

of Trachodon, partial skulls of Ceratopsia and fragments of a 

large carnivorous dinosaur, probably a Tyrannosaurus. The 

formation was thence traced along the east bank of Powder River 

from Powderville to a point on Sheep Creek some miles northeast 

of Mizpah.’’ 

Missouri Valley area.—In Dawson and Valley counties, Mon- 

tana, the Lance formation is exposed over a large area, bordering 

the Missouri River from the Musselshell on the west to the station 

of Brockton on the east. The beds are particularly well shown 

in the badlands formed by the many tributaries of the Missouri 

from the south. Among these is Hell Creek, which enters the river 

south and west of Glasgow, and the formations occurring in this 

vicinity have been studied and described by Mr. Barnum Brown.‘ 

A massive brown sandstone here forms the basal member of the 

Lance formation, whereas in south-central North Dakota it is 

the upper member which is sandstone. The thick black shale 

member is also absent, but in general there is a strong resemblance 

between the beds of the two localities. 

t Proc. Wash. Acad. Sci., X1, No. 3 (1909), 188-90. 

C. H. Wegemann, “Notes on the Coals of the Custer National Forest, Mon- 

tana,” Bull. U.S. Geol. Surv., No. 381 (1909), 104 

Bull. Am. Mus. Nat. Hist.. XXIIT (1907), 823 

+ Proc. Wash. Acad. Sci., X1, No. 3 (1909), 204 

Bull. Am. Mus. Nat. Hist., XXII (1907), 823-45 
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Che following section is exposed in the valley of Hell Creek: 

I 

7. Shale and sandstone, light gray and yellow, containing beds of coal 

feet thick, and also many plant remains. Fort Union 115 

6. Shale and sandstone, similar in appearance to No. 4, but contains 

nosaur bones 100 

5. Coal bed, persistent, has been traced a distance of 25 miles ( 

}. Shal { sandstone with prevailing dark gray color; contains 

yrown, carbonaceous layers and some beds of coal. Con 

ned in this member are two fairly persistent sandstone horizons 

from 15 to 20 feet thick, and with 30 to JO leet ol shale 

between. These sandstones contain many large brown sand 

stone concretions IO-20¢C 

Sandsto the basal member of the Lance formation. Coarse 

g ed and rather soft; characterized by its massiveness, irreg 

of bedding, the great number of large sandstone concré 

s d its cross-lamination. Yellow and brown in color 100 

Shale, more or less sandy, with some sandstone, light gray to buff 

Fox Hills I 

Shale, dark gray, with fossiliferous calcareous concretions near the 

150 top. Pierre Exposed above creek 

Nos. 3 and 4 of the above section, which belong to the Lance 

formation, have yielded many dinosaur bones, including Tricera 

tops. Trachodon, and Tyrannosaurus; 

saurus. crocodiles, and turtles, together with a few mammal teeth 

Plant remains are rare in this region, but Mr. Brown found the 

also the remains of Campso 

following associated with the skeleton of a dinosaur:' 

Nordenskioldii Heer Populus amblyrhyncha Ward 

laxodium occidentale Newb (Juercus sp. 

Ginkgo adiantoidis (Ung Heer. Ficus artocarpoides Lesq. 

Populus cuneata Newb Sapindus affinis Newb. 

A large number of invertebrates were also secured from the 

Lance beds, including many species of Unios. 

The age of No. 6 of the above section, which corresponds to 

Brown’s “lignite beds,” is uncertain since it contains Barnum 

Largely on the basis of the lack of dinosaur almost no fossils. 

bones in this member, Mr. Brown separates it from his Hell Creek 

beds and regards it as probably Fort Union. He correlates it 

however, and correctly, with the 4oo feet of strata exposed at 

Py Wash. Acad. S XI, No. 3, p. 185 
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Miles City, and it is known that these belong to the Lance for- 

mation. The beds of No. 6 also contain the many brown, car- 

bonaceous layers, so characteristic of the Lance formation in many 

localities, as well as a number of coal beds, which are also found in 

that formation in certain areas, as already shown. There would 

seem to be seme ground, therefore, for including this member 

with the underlying Lance beds rather than with the typical 

Fic. 7.—The Fox Hills (A) and Lance (B) formations exposed on Hell Creek, 

Montana 

Fort Union, to which it bears little resemblance. If so included 

the Lance formation in this region would have a thickness of about 

400 feet. According to Brown there is an unconformity at its 

base, which shows near the Cook ranch on Crooked Creek, and also 

on Hell Creek. Neither of these points was visited by the writer, 

and where the top of the Fox Hills was seen no evidence of a 

long erosion interval was observed, though such may be present 

in the localities above mentioned (Fig. 7). 

The Lance formation appears to grow thinner toward the north- 
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east, since on the Fort Peck Indian Reservation, according to C. D. 

Smith, ‘‘about 200 feet of somber-colored sands and clays, with 

numerous carbonaceous layers and a few beds of impure lignite, 

overlie the Fox Hills sandstone.’' In that region there is no 

apparent unconformity between the Fox Hills and the Lance 

beds, the two so grading into each other that their contact is very 

indefinite. Good exposures of the latter formation are found 

on Cottonwood Creek and Poplar River in the Fort Peck 

Indian Reservation, and in the badlands south of the Missouri 

River. 

The Lance formation lies near the boundary line between the 

Cretaceous and Tertiary, and for this reason it is difficult to 

determine to which of these systems it should be referred. In 

most places where the contact has been observed it is seen to rest 

conformably on the Fox Hills sandstone, and everywhere passes 

conformably into the Fort Union above. Deposition was thus 

continuous from Cretaceous time on into the Tertiary, and there 

is no break in the sedimentation which might form a line of separa- 

tion. On stratigraphic grounds, therefore, the Lance formation 

is as closely related to the Fox Hills sandstone below as to the Fort 

Union above, and we are forced to depend on the fauna and flora 

for the determination of the age. 

According to Dr. Knowlton, 193 forms of plants have ‘been 

found in these beds and of these, 84 species have been positively 

identified.? Since the greater number of these plants (68 species) 

are common to the Fort Union, he considers the Lance beds the lower 

member of the Fort Union formation, and, therefore, of Tertiary 

age. The writer formerly held the same opinion regarding the age 

of the Lance formation, but on the basis of its vertebrate fauna, 

including many dinosaurs, and its conformity with the underlying 

Fox Hills, there is much ground for the belief held by Dr. Stanton 

and others that the Lance beds should be regarded as of Creta- 

ceous age. But to whichever system they are ultimately referred, 

it is at least certain, as stated above. that these beds lie near the 

border line between the Cretaceous and Tertiary. They have the 

Bull. U.S. Geol. Surv., No. 381 (1909), 39 

Proc. Wash. Acad. Sci., X1, No. 3 (1909), 210 
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same stratigraphic position as the Laramie formation, with which 

they correspond in whole or in part. 

FORT UNION FORMATION 

rhe Fort Union is one of the most important and best known 

formations of the Northwest. It covers a vast area east of the 

Rocky Mountains, stretching from Wyoming to the Arctic Ocean 

in the valley of the Mackenzie River, and including several Cana- 

Fic. 8.—Outcrop of Fort Union on Beaver Creek, northern Billings County, 

howing ten coal beds, The thickest measures four feet, four inches. 

dian provinces, much of western North Dakota, eastern Montana, 

northwestern South Dakota, and central and eastern Wyoming. 

The name Fort Union was first used by Dr. F. V. Hayden in 

1861 to designate the group of strata, containing lignite beds, 

in the country around Fort Union, at the mouth of the Yellowstone 

River, and extending north into Canada and south to old Fort 

Clark, on the Missouri River above Bismarck. It is a fresh-water 

formation and is composed of clay shales alternating with soft, 

rather fine-grained sandstone and containing many beds of lignite. 
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Che Fort Union is remarkably uniform in color, composition, and 

appearance throughout the region under discussion. The prevail- 

ing color is either a light ash gray or yellow, but in places the beds 

are nearly white. In Billings County, North Dakota, an upper 

member of the formation appears in the tops of the higher ridges 

divides, and buttes, and resembles somewhat the Lance beds in 

its dark gray color and its many brown ferruginous, sandstone 

‘he lower member constitutes the typical yellow 

eo Sr ST Pe cA ety ; 
* — 

concretions. 

[wo coal beds on Little Missouri River in northern Billings Cour 

hick, the lower is near river level North Dakota Upper bed is ten feet thick, tl 

r ind light gray Fort Union and this is the only one present ove 

most of the region. Where both occur, the contrast between the 

upper and lower members is so well marked and their contact so 

learly defined that it can be readily distinguished even at a dis 

Over tance and traced without difficulty, wherever it is exposed. 

nearly one-half of Billings County a thick coal bed or layer of 

clinker formed by the burning of the coal occurs just at the con- 

tact. The strata forming both members of the Fort Union are seen 

ng the Northern Pacific Railroad between Fryburg and Medora, wlons 
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North Dakota. From the former station to the siding at Scoria, 

the upper member is well shown in the badlands on either side, 

while between Scoria and Medora the lower member appears. 

Over a large area in southwestern North Dakota, the Fort 

Union is formed in part of white, sandy clays and very pure plastic 

clays, which differ from any of the beds found elsewhere. They 

1h oe 
pe 1 ee 0 
Oxi hf OE¥ 

Fic. 10.—A mass of burned clay or clinker formed by the burning of a thick coal 

wd. Mouth of Deep Creek, Billings County, North Dakota 

occur in Stark and Dunn counties and adjoining portions of the 

surrounding counties, where they are restricted to the tops of the 

higher ridges and divides or to an elevation of from 2,450 to 2,600 

feet above sea-level. Near their eastern border they lie about 

600 feet above the base of the Fort Union and their maximum 

thickness is 150 feet. These white, sandy clays are well seen 

near Dickinson and Gladstone, and several miles north of Hebron. 

The Fort Union formation everywhere contains numerous 
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beds of lignite (Fig. 8). These vary in thickness from an inch 

and less to thirty-five feet, beds six, eight, and ten feet thick 

being common (Fig. 9 Coal is much more liable to be present 

in the Fort Union than in the underlying Lance formation, for the 

latter is practically barren of coal in many localities and over 

large areas. One rarely finds an outcrop of the former where 

several hundred feet of strata are exposed that does not contain 

The surface over the coal has settled many feet Fic. 11 \ burning coal bed. 

nd the ground is broken by wide cracks from which gases escape. Typical Fort 

Union beds in background 

at least one or more coal beds. These range from top to bottom 

of the formation and do not appear to be confined to any particular 

horizon or horizons. The aggregate thickness of the twenty-one 

coal beds of southwestern North Dakota which are four feet and 

over Is 157 feet. 

One of the most conspicuous features of the Fort Union is the 

vast quantity of burned clay or clinker produced by the heat of 

the burning coal beds (Fig. 10). This has been sufficient to burn 
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the overlying clays to a red or salmon-pink color and in many 

places to completely fuse them to slag-like masses. The beds of 

clinker vary in thickness from five or six to forty feet, or over, 

and some of them can be traced many miles in the bluffs bordering 

the valleys and in the ridges and divides, while large numbers of 

the lower buttes are capped with these protecting layers (Fig. 11). 

There are great numbers of excellent exposures of the Fort 

Fic. 12.—The Tepee Butte bluff of Little Missouri River, 584 feet high, showing 

dark colored upper member and light colored typical Fort Union below. 

Union beds in the wide belt of badlands bordering the Little 

Missouri valley from a few miles below Yule to the mouth of the 

river, a distance of nearly 200 miles; numerous good outcrops are 

also found in the exceedingly rough badlands which border the 

Yellowstone on the east between Glendive and its mouth. While 

outcrops are quite abundant throughout the region under dis- 

cussion, nowhere are there such favorable conditions for the 

study of the Fort Union formation as in the two areas just men- 

tioned. 
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Che following section is given both because it is typical of this 

formation, and also since it includes the greatest thickness of beds 

seen in any single outcrop. It is exposed in a high steep bluff 

of the Little Missouri which is surmounted by the Tepee Buttes, 

and is one and a half miles above the mouth of Deep Creek 
12 
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Feet Inches 

Coal 2 Ss 

Shale I 

Coal S 

Shale, brown 3 

Sandstone, and sandy shale, yellow 20 

Shale, brown 6 

Coal fe) 

Shale, brown 6 

Coal I 6 

Shale, brown 2 

Coal 3 2 

Shale [ 

Coal I ) 

Shale, vellow and dark gray 20 

Sandstone, yellow 19 0 

( val 4 

Sandstone and sandy shale I 3 

Shale N fe) 

( I S 

‘ st¢ velo Oo river leve I 

Pot sS4 

Che large number of coal beds occurring in the Fort Union is 

well shown in the above section. The base of the section is prob 

ably not over roo feet above the Lance beds, which disappear 

beneath river level not many miles below. The outcrop thus 

includes not only a large portion of the lower yellow and light 

gray member of the Fort Union, but also about 183 feet of the 

upper dark-colored member. Where the uppermost beds of the 

formation are found, as on top of such high buttes as Sentinel, 

Flat Top, Bullion, and Black, they are seen to consist of a rather 

hard sandstone 80 to 1oo feet thick. This rock forms vertical 

cliffs about the summits of these buttes, and huge blocks breaking 

off from time to time accumulate at the base of the cliffs in great 

talus heaps. On Sentinel Butte and the White Buttes, the White 

River beds are seen resting directly on this uppermost sandstone 

of the Fort Union 

The maximum thickness of the Fort Union is not far from 1,000 

feet in western North Dakota, but over most of the region it has 

undergone great erosion and from large areas hundreds of feet 
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have been removed. It was only by the erosion of this entire 

formation that the Lance beds have been exposed along the Yellow- 

stone and Missouri rivers and elsewhere, since the Fort Union 

formerly covered the entire region. 

The Fort Union beds, which are early Eocene in age. contain 

a flora of nearly 400 species, and a fauna comprising both inverte- 

brates and vertebrates. The plants contained in the following 

lists were found in the yellow and light gray beds forming the lower 

part of the formation. Most of them occurred either in concre- 

tions or in layers of sandstone.’ 

NEAR MEDORA, NORTH DAKOTA 

Sequoia Nordenskioldi Heer Populus daphnogenoides Ward 

Populus cuneata Newb. Populus glandulifera Heer. 

Ulmus planeroides Ward. Planera microphylla Newb. 

Populus Richardsoni Heer. Carpites n. sp. 

Populus amblyrhyncha Ward. Taxodium occidentale Newb. 

Sapindus grandifoliolus Ward. Diospyros brachysepala Al. Br 

Viburnum antiquum (Newb.) Hol. Asplenium tenerum. 

MOUTH OF DEEP CREEK, SOUTHERN BILLINGS COUNTY, NORTH DAKOTA 

Viburnum Newberrianum Ward. Viburnum asperum Newb. 

NORTHERN BILLINGS COUNTY, NORTH DAKOTA 

Equisetum sp. Viburnum antiquum (Newb.) Hol. 

Viburnum Newberrianum Ward. Viburnum Whymperi? Heer 

Diospyros—may be D. ficoidea Lesq. Corylus rostrata? Ait. 

or new. Taxodium occidentale Newb 

Platanus nobilis Newb. Pterespermites Whitei ? Ward 

WESTERN BURLEIGH COUNTY, NORTH DAKOTA, NEAR THE BASE OF THE FORT 

UNION AT ELEVATION OF ABOUT 400 FEET ABOVE MISSOURI RIVER 

Populus daphnogenoides Ward. Platanus Haydenii Newb. Young 

Populus amblyrhyncha Ward. leaf. 

Populus cuneata Newb. Viburnum sp. 

\ralia notata Lesq. 

CENTRAL BURLEIGH COUNTY, NORTH DAKOTA, NEAR BASE OF THE FORT UNION 

Populus daphogenoides Ward. Platanus nobilis Newb. 

Populus sp. ? Grewiopsis populifolia Ward 

Populus amblyrhyncha Ward. Euonymis ? sp. 

rhe plants were identified by Dr. F. H. Knowlton. 
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WESTERN DAWSON COUNTY, MONTANA 

Onoclea sensibilis fossilis Newb Populus genatrix Newb 

’opulus cuneata Newb Populus speciosa Ward 

, Cocculus Haydenianus Ward 

I 

Leguminosites arachioides Lesq 

C Platanus Haydenii Newb elastrus pterospermoides Ward 

mblyrhyncha Ward Plantanus nobilis Newb 

Sequoia Nordenskioldii ? Heer 

Populus a 

Populus daphnogenoides Ward 

Populus arctica Heer (as identified Thuja interrupta Newb 

by Lesquereux Glyptostrobus europaeus (Brongn 

Populus smilacifolia Newb Heer 

Populus nebrascensis Newb 

BASE OF THE FORT UNION IN SIGNAL BUTTE, FIVE MILES EAST OF MILES CITY 

MONTANA 

laxodium occidentale Newb Corylus americana Walter 

Sequoia Nordenskioldii Heer ? Planera 

Glyptostrobus europaeus (Brongn Hicoria antiquorum (Newb.) Knowl 

Heer ton 

Populus ? sp. ? ef. genatrix Newb Hicoria ? sp. new 

Populus, possibly P. acerifolia Newb. Celastrus ovatus Ward 

Sapindus grandifoliolus Ward 

Che Fort Union beds contain many fresh-water shells, among 

which the following species were collected:' 

NORTHERN BILLINGS COUNTY, NORTH DAKOTA 

Campeloma producta White Viviparus trochiformis M. & H 

Viviparus retusus Sphaerium formosum M. & H 

Viviparus leai M. & H Bulinus longiusculus M. & H 

Campeloma multilineata M. & H Micropyrgus minutulus M. & H 

rhaumastus limnaeiformis M. & H Hydrobia. 

Corbula mactriformis M. & H 

SOUTHERN BILLINGS COUNTY, NORTH DAKOTA 

Unio priscus M. & H. 

NORTHEASTERN CORNER OF MORTON COUNTY, 350 FEET ABOVE MISSOURI RIVER 

Corbula mactriformis M. & H Viviparus trochiformis M. & H 

Campeloma multilineata M. & H 

Identified by Dr. T. W. Stanton 
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WESTERN BURLEIGH COUNTY, ABOUT 350 FEET ABOVE THE MISSOURI RIVER 

Viviparus retusus M. & H Unio sp. fragments. 

Campeloma producta Whit« Corbula mactriformis M. & H. 

Campeloma multilineata M. &. H. Viviparus multilineata M. &. H. 

Vertebrate fossils are rare in the Fort Union formation. In 

western North Dakota. near Medora, a few bones were collected 

which were identified by Mr. J. W. Gidley as those of fishes, turtles, 

and the aquatic reptile. Champsosaurus laramiensis. The latter 

has been found by Mr. Barnum Brown in the Lance beds of the 

Hell Creek region, and also in the “lignite beds”’ just below the 

typical Fort Union.’ 

WHITE RIVER BEDS 

The White River beds of the Oligocene occupy three small areas 

in southwestern North Dakota, and several in the southeastern 

corner of Custer County, Montana. The beds of this group are 

found in White Butte, in southeastern Billings County, where 

they cover an area from eight to ten square miles in extent, forming 

the highest portion of the divide at the head waters of the North 

Fork of the Cannon Ball River and Deep and Sand creeks. Ero- 

sion has here left two ridges about two miles apart, with an eleva- 

tion of 300 to 400 feet above the surrounding plain. Three miles 

to the west, on the opposite side of the valley of Sand Creek, 

Black Butte rises 450 feet above the creek, being capped by the 

same sandstone as that forming the top of the other high buttes 

of the region. But the beds of the White River group are wanting 

on Black Butte, although occurring at a considerably lower level 

only three miles to the east. In White Butte they are, however, 

seen resting directly on this upper sandstone of the Fort Union, 

which outcrops at several points near the base of the western slope 

of the western ridge and also at its northern end. This sandstone 

here dips strongly to the east so that within a distance of three 

miles its dip carries it from the top of Black Butte to the base 

of the ridge on the opposite side of the valley, where it is over 

200 feet lower. 

Bull. Am. Mus. Nat. Hist., XXIII (1907), 835 



544 1. G. LEONARD 

The following is a general section of the White River beds as 

they occur in White Butte: 
Feet Inches 

11. Sandstone, rather fine-grained, light greenish gray in color, 

weathering into a greenish sand; to top of White Butte. 105 

10. Clay, gray to light greenish color 20-25 

9. Clay, hard and compact, calcareous, light gray, almost white; 

forms hard ledges which make low vertical cliffs toward the top 

of the butte, and weathers very irregularly 34 

8. Clay, dark gray, calcareous, the line of separation between this 

clay and No. 7 is sharp and distinct, the clay being consider- 

ably darker than the underlying sandstone 46 

7. Sandstone, light gray, rather coarse-grained 20 

6. Sandstone, very coarse-grained and pebbly; in places the peb- 

bles are so abundant as to form a conglomerate. Shows cross 

lamination. Pebbles composed of quartz, silicified wood, 

many varieties of igneous rock, among which porphyry is com 

mon. Pebbles range in size up to 2 and 3 inches in diameter 26 

Clay, very light gray, slightly sandy 5 

}. Sandstone, light gray, very fine-grained and argillaceous 5 4 

3. Clay, light gray to white, slightly darker than No. 2; contains 

some fine sand 10 6 

2. Clay, very white and pure 6 6 

1. Clay, white, containing some fine sand, hard and very tough 

when dry; rests directly on the sandstone of the Fort Union 14 4 

Potal 295 

In No. 8 of the above section was found the skull of an extinct 

species of ruminant, Eporeodon major (?), which is found in the 

Oreodon beds of the Oligocene.' 

It will be seen from the section just given that the White River 

group is here composed of white clays at the bottom, on which 

rests a coarse sandstone which in places is filled with large pebbles; 

this is overlain by about 100 feet of calcareous clays which in turn 

are overlain by more than too feet of fine-grained, greenish sand 

stone (Fig. 13) 

These deposits represent all three divisions of the White River 

group, the lower or Titanotherium beds, the middle or Oreodon 

beds, and the upper or Protoceras beds. In the foregoing section 

Nos. 1 to 7 probably belong to the lower, Nos. 8 to 10 to the middle, 

and No. 11 to the upper division. 

t Identified by Mr. J. W. Gidley. 
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It was probably this same White Butte area which was dis- 

covered by Professor E. D. Cope in September, 1883. The dis- 

covery was announced in a letter written from Sully Springs, 

Dakota, and read before the American Philosophical Society. 

The following is a portion of this letter: 

I have the pleasure to announce to you that I have within the last week 

discovered the locality of a new lake of the White River epoch, at a point 

in this Territory nearly 200 miles northwest of the nearest boundary of the 

Fic. 13 Ihe coarse sandstone of the lower member of the White River beds in 

White Butte, Billings County, North Dakota, showing effects of rain erosion 

deposit of this age hitherto known. The beds, which are unmistakably of the 

White River formation, consist of greenish sandstone and sand beds of a 

combined thickness of about roo feet. These rest upon white calcareous 

clay, rocks, and marls of a total thickness of too feet. These probably also 

belong to the White River epoch, but contain no fossils. Below this deposit 

is a third bed of drab clay, which swells and cracks on exposure to weather, 

which rests on a thick bed of white and gray sand, more or less mixed with 

gravel. This bed, with the overlying clay, probably belongs to the Laramie 

period, as the beds lower in the series certainly do. 

Then follows a list of 20 species of vertebrates which were 

collected from this locality, including Trionyx, Galecynus gregarius, 
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Aceratherium, Elotherium ramosum, Oreodon, and Leptomeryx. The 

white calcareous clay below the upper sandstone is now known to 

carry fossils and the sand below this clay is probably to be included 

with the White River group. Professor Cope, in common with 

other geologists at that time, regarded the underlying beds as 

belonging to the Laramie, but as already stated, they are now on 

the evidence of their plant remains known to be Fort Union in age. 

Mr. Earl Douglass spent some time in the White Butte locality 

during the summer of 1905, and has described in considerable 

detail the beds occurring here.’ 

In the middle member or Oreodon beds, he found the following 

fossils: Ictops, Ischyromys, Palaeolagus, Merycoidoden culbertsoni, 

Leptomeryx evansi, Mesohippus, Hyracodon, Gymnoptychus, Eumys, 

and Aceratherium. 

Mr. Douglass discovered another deposit of White River beds 

about thirty miles north and east of White Butte, in Stark County. 

The area, which is known as the “Little Bad Lands,”’ lies some 

twelve to sixteen miles southwest of Dickinson. All three divisions 

of the White River group are here present and a number of mamma- 

lian bones were collected. 

The third locality in North Dakota where the Oligocene occurs 

is on top of Sentinel Butte, in northern Billings County, near the 

town of the same name. The beds are here seen resting con- 

formably on the massive sandstone which forms the top of the 

Fort Union. The beds occur only on the northern end of Sentinel 

Butte and their maximum thickness is not over forty feet. They 

are clearly the remnants left by the erosion of a thicker and more 

extended formation which doubtless once covered a large area 

in this region. Where the strata are exposed in a low mound 

near the northwestern edge of the butte they are seen to be com- 

posed of light gray calcareous clay or marl, which contains, toward 

the top, beds of a nearly white, compact limestone. This lime- 

stone breaks readily into thin layers one-eighth to one-quarter 

of an inch thick, and some of the thicker layers become siliceous 

toward the center. 

In one of the upper beds of this limestone are found the remains 

of two species of fresh-water fishes. These fossil fishes were first 

“Annals of the Carnegie Museum, V, Nos. 2 and 3 (1909), 281-88 
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discovered on Sentinel Butte by Dr. C. A. White, who visited 

the locality in 1882 and published an account of the deposit 

containing them. They were described by E. D. Cope as belong- 

ing to a new genus and were named by him Plioplarchus Whitet 

Cope and Plioplarchus sexspinosus Cope. 

Since the fishes were not closely related to any previously 

described they did not serve to indicate the age of the beds in 

which they were found, but upon stratigraphic grounds Dr. White 

referred the strata to the Green River group of the Eocene, though 

he was by no means confident that this was their true position. 

In the light of more recent discoveries it seems much more probable 

that these beds on Sentinel Butte belong to the White River 

division of the Oligocene. It is now known that less than forty 

miles to the southeast are other deposits which rest directly on 

the upper sandstone of the Fort Union and which are known from 

their fossils to belong to the White River group. On the other 

hand, no beds of the Green River group are found any nearer 

than southwestern Wyoming and it is not at all likely that they 

ever extended this far north and east, while the White River 

beds cover considerable areas in South Dakota and Montana. 

The extensive erosion to which this region has been subjected 

during many ages, and which is known to have removed at least 

from 800 to 1,000 feet of strata over a large area, has left only a 

few remnants of the White River deposits. 

In southeastern Custer County, Montana, in the district 

known as the Long Pine Hills between the Little Missouri River 

and Big Box Elder Creek, the White River beds are known to occur. 

They here have a thickness of at least 150 feet and are composed 

of fine-grained, greenish gray calcareous clay, soft, compact, 

white limestone, and calcareous clay. They resemble the White 

River beds of the Slim Buttes in South Dakota. 

The Oligocene beds of North Dakota and Montana are believed 

to be in part lake deposits and in part river deposits. The lack 

of uniformity, the cross-bedding, and the coarseness of the materials 

in some portions of the formation are probably the result of deposi- 

tion through river action. In other areas, as those of Sentinel 

Butte and Long Pine Hills, the materials were perhaps laid down 

in the more quiet water of a lake. 



ON THE GENUS SYRINGOPLEURA SCHUCHERT' 

GEORGE H. GIRTY 

he genus Syringopleura has recently been proposed? for a 

brachiopod of the Spirifer group. It is typified by Syringothyris 

randalli, a species which Simpson described as possessing the 

internal structure of Syringothyris, along with a plicated fold and 

sinus. As is well known, Syringothyris is a Spirifer having a high 

area, a simple fold and sinus, and the characteristic “twilled cloth” 

sculpture. Internally there is developed a delthyrial plate, not 

to be confounded with the deltidial plates, which bears on the inner 

side the split tube characteristic of the genus. Typical Syringo- 

thyris is generally regarded as being an offshoot of the ostiolate 

Spirifers. Professor Schuchert gives the following reasons for 

establishing the genus: ; 

] Another phylum originated in ) the Atlantic realm of the Appalachian 

province in Spirifer randalli, which also has a well-developed syrinx, but 

differs from Syringothyris of the Mississippian sea in having a strongly plicated 

fold and sinus. This stock must be separated generically from those of th 

Mississippian sea because of its different phyletic derivation, and for it is 

proposed the generic name Syringopleura (from syrinx and pleura or rib 

having reference to the plicated fold and sinus), with S. randalli Simpsor 

as the genotype 

Now [ am compelled to question the validity of the genus 

Syringopleura on all the points advanced by Professor Schuchert 

In the first place, it seems highly probable that S. randalli does 

not possess the external peculiarity on which the genus was chiefly 

founded—the plicated fold and sinus. Syringothyroid shells are 

extremely abundant at the locality and horizon at which S. randalli 

was found, and I have examined a large number of specimens 

without in a single instance finding any which possessed the char- 

acteristic mesial plications. It is possible, of course, that the 

Published by permission of the Director of the U.S. Geological Survey 

im. Jour. S XXX (1910), 224 
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specimens coming before me all belonged to an abundant species, 

while S. randalli represents a different and much rarer one. The 

probabilities appear to me decidedly adverse to this hypothesis, 

however, and the following statement of Professor Schuchert’s 

is in point. He writes of Syringothyris: ‘At no time, however, 

was there more than one species in a fauna, and all these are very 

much alike.” 

Thanks to the courtesy of the Academy of Natural Sciences of 

Philadelphia, I have been able to examine the type specimens of 

S. randalli, and this examination seems to bear out the opinion 

expressed above. The specimens sent me as the types are three 

in number (Nos. 9532. 9533. and 9534), only one of which, however, 

was figured in connection with Simpson’s description.’ It is 

an internal mold of a ventral valve. It is a fact that this speci- 

men shows some very obscure, longitudinal markings at the bottom 

of the sinus, but it is also a fact that Simpson’s drawing exagger- 

ates these unpardonably. 

When fossils are preserved as molds, the best opportunity to 

observe external characters is naturally afforded by molds of the 

outside. In the case of such species as S. randalli, internal molds 

of the dorsal valve are more satisfactory than internal molds of 

the ventral valve, because testaceous deposits on the inner surface 

of the shell which tend to obscure such external features as the 

plications were there less extensively developed. In internal molds 

of either valve the marginal portions afford better evidence than 

those near the umbo, because the secondary deposits were chiefly 

formed over the older parts of the shell. On the internal ventral 

mold which is thé type specimen of S. randalli, the lateral costae 

are well shown except in the cardinal and umbonal areas. In this 

degree of expression they stop abruptly at the sinus. The anterior 

part of the sinus, where the costae, if present, would naturally be 

most conspicuously developed, is nearly, if not quite, smooth. 

The posterior part is occupied by the large umbonal scars. It is 

in the intermediate portion, where the test was probably still 

appreciably thickened, though less so than at the umbo, which was 

filled by the apical callosity, that the obscure radial markings can 

im. Phil. Soc.. Trans., XV, 441, Figs. 1, 2 
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best be seen. It is doubtful, however, whether these can be attrib- 

uted to normal costation, which ought to be still better exhibited 

toward the front, rather than to inequalities in the rapidly thinning 

apical callosity, such as would be shown on the inside but not on 

the outside of the shell. Similar markings have been observed 

on other species of Syringothyris. 

S. randalli occurs at the locality and horizon of the classic 

association of Syringothyris with Spirifer disjunctus.' S. dis- 

junctus, or a species closely allied to it, occurs in equal abundance 

with the Syringothyris. Superficially the two types are distin 

guished by the fact that one has a simple fold and sinus and the 

other is plicated. Where this character is obscured, internal molds 

of ventral valves might be confused on casual observation, although 

one type possesses the syrinx and the other does not, and from the 

evidence in hand it seems almost certain that Simpson did thus 

confuse them, since one of the three type specimens of Syringothy- 

ris randalli, all of which are internal molds of ventral valves, is 

clearly a Spirifer. Although it does not show any surface char 

acters whatever, it has the internal characters of and almost cer 

tainly belongs to the form commonly referred to Spirifer disjunctus 

in the Warren area. It appears plausible, therefore, that Simpson 

confused these two forms, and seeing well-marked plications on the 

fold and sinus of some specimens (S. disjunctus) felt justified in 

putting them into his description and into his figure, although 

they are only faintly suggested in the specimen from which the latter 

was drawn. Conclusive evidence can come only through an 

examination of the external mold of the type specimen, which is, 

of course, impossible; or less adequately through the discovery 

of other specimens unmistakably possessing the characters which 

S. randalli is said to have. But, for my own part, I am fairly 

satisfied that S. randalli is conspecific with the abundant asso 

ciated Syringothyris which clearly has a simple fold and sinus. 

Granting, however, that S. randalli does possess the plicated fold 

and sinus ascribed to it, let us examine into the argument by which 

this character is thought to justify the erection of a new genus 

At Warren, Pa., at a horizon not far below the “‘Sub-Olean conglomerat 

ries of strata which I at one time proposed to call the Bradfordian group 
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Professor Schuchert says that the erection of a genus is demanded 

by the fact that S. randalli has a different phyletic derivation from 

typical Syringothyris.t. He is unfortunately not very explicit but 

he apparently derives typical Syringothyris from the ostiolate 

Spirifers and S. randalli (Syringopleura) from the aperturati. 

But it is a fair hypothesis that S. randalli, the hypothetized ran- 

dalli, may have come from typical Syringothyris by the introduc- 

tion of mesial plications at so early a period that in the imperfect 

condition of our record the two types seem to have developed nearly 

simultaneously. Or, a second hypothesis is not negligible, that 

the two may have sprung from some common ancestor, at present 

unknown, which was intermediate between the ostiolate Spirifers 

on the one hand (or whatever stock gave rise to Syringothyris) 

and Syringothyris and “‘Syringopleura”’ on the other. Professor 

Schuchert offers no evidence to support his theory of the deriva- 

tion of S. randalli as against these two other possible hypotheses.’ 

But even if we grant that there is a species with the characters 

of S. randalli and that it is derived from some other group of 

Spirifers than that which gave rise to typical Syringothyris, a 

scrutiny into the line of reasoning which justifies the erection of a 

new genus from these premises will not, I believe, be without profit. 

The argument seems to be that, because S. randalli and typical 

Syringothyris belong to different phyla, therefore it is necessary 

to place them in different genera. 

Originally and strictly the word phylum in biology is used 

for one of the larger divisions of the animal or vegetable kingdom, 

but it seems to be often employed for small groups standing in a 

line of genetic relationship. Thus phylum has a variety of mean- 

ings as regards comprehensiveness. We might even say that two 

Spirifers belonging to the same species but having different lines 

of descent for numerous generations belong to different phyla; 

Professor Schuchert is perhaps a little misleading in his expression which seems 

to limit Syringothyris to what he calls the Mississippian sea. Characteristic Syrin- 

gothyris, of course, occurs not only associated with “S. randalli”’ near Warren, but 

at other localities and horizons in the same province. 

2 Still other hypotheses are possible, equally plausible with these. For instance, 

Hall and Clarke name a number of ostiolate Spirifers with incipient plications on the 

fold and sinus 
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or we might say, as Professor Schuchert does, that two ‘species 

representing different sections of the genus Spirifer belong to 

different phyla, and so on. Or, on the other hand, we might say 

that two genera, such as Spirifer and Athyris, belong to different 

pyhla, the one to the Spiriferoid stock, the other to the Athyroid. 

The meaning of the word depends largely on the viewpoint of the 

occasion, and any conclusion based on phyletic relationship is 

almost nil unless the writer defines what he means by phylum. 

But let us consider what the force of such an argument really 

is in general terms. Put case that there are two Spirifers having 

other characters identical but differing in the height of the area 

or the length of the cardinal line or other similar characters and 

belonging to different phyla in the narrowest sense. We do not 

distinguish them as different genera or even different species, but 

say that these differences concern minor characters in which expe- 

rience has shown that individual specimens differ from one another 

and vary at different stages of their growth. Put case again that 

we have two Spirifers, one with simple fold and sinus and pustulose 

sculpture, the other with plicated fold and sinus and finely reticu- 

late sculpture, the two belonging to different phyla, in a broader 

sense. Here, again, we do not say, as Professor Schuchert does, 

that these species belong to different genera because they present 

important differences and have different phyletic relations, for 

the characters which they possess in common are such as we recog- 

nize as characteristic of the genus Spirifer and the differences are 

such as experience has shown to be useful only in specific dis 

crimination. Again, suppose we have two generally similar oval 

brachiopods, one with internal spires, the other with an internal 

loop. and belonging to different phyla, in a still broader sense. 

We do not refer these types to different genera because they show 

such and such differences and belong to different phyla, for the 

differences are more important than those by which genera are 

determined and we place the species in still more widely separated 

groups. In other words, in such cases as these phyletic relation 

ship enters little, if at all, into the determination of taxonomy 

We go straight to the intrinsic characters of the form and accord 

ing to the nature and degree of its resemblances and differ 
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ences determine the order of its taxonomic relationship to other 

organisms. 

On the other hand, let us suppose a rare case in which two forms 

are closely alike in most, or even all, of their mature characters but 

at the same time they can be shown to belong to different phyla. 

In this instance phyletic relationship has pre-emigent importance. 

We cannot place the two types in taxonomic relationship more 

close than the most remotely related of their ancestors. They 

must be placed in different genera (at least) if that phyletic rela- 

tionship is generic; in different families if it is familiar; in different 

orders if it is ordinal, and so on. The logic of the situation seems, 

then, really to be that the phyletic argument only sets a limit on 

how close two types may stand in taxonomy, but does not enter 

into the determination of how far apart they may stand. That is 

based upon the physical characters of the mature individuals, not 

upon development or on the theories of investigators. 

Returning now to the case of Syringothyris and Syringopleura, 

we find that the reputed ancestor of Syringothyris and the reputed 

ancestor of the suppositious Syringopleura are different species 

of the genus Spirifer. The phyletic argument,’ if used aright, 

proves not that they must belong to different genera, but that they 

cannot be placed in the same species. If we base a determination 

of the relationship of Syringothyris and ‘*Syringopleura” on their 

real, as distinguished from their speculative, characters, it would 

appear that they should be regarded as specifically, but not generi- 

cally, distinct. At least, the peculiarities which are thought to 

distinguish Syringopleura are only rated as of specific import in 

the true Spirifers, and I do not see why they should be more impor- 

tant in the closely related syringophorous shells. 

Therefore, it appears to me that Syringopleura is based on a 

rhe phyletic (phylic would be a much better term, but it unfortunately lacks 

authority) argument, which really only serves as a check upon misleading or misunder 

stood direct evidence, to prevent two forms from being classed in too close zoélogical 

categories, can rarely be used in paleontologic work because the phyletic relationship 

is seldom, if ever, more than speculative. Even if the trend of the evidence were 

correctly presented by him, the example set by Professor Schuchert in his proposed 

genus Syringopleura is fraught with danger, since it would make our zo@logic classifi- 

ition the prey of all sorts of theories, however ill-considered 
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false premise, on an unsupported assumption, and on loose reason- 

ing, and that it cannot stand. 

If, as remarked by Professor Schuchert, several different types of 

Spirifer exhibit a tendency to develop the split tube, and if the 

development of this structure may be looked for in almost any high 

areaed member of the genus, far from adopting the course which 

he advocates of establishing a new genus for every such manifes- 

tation, I should feel that this series of facts materially lessened, if 

it did not destroy, the value of the syrinx as a generic character. 

Che function of the syrinx is not definitely known. The most 

probable explanation of its function, and the one adopted by Pro- 

fessor Schuchert, is that it is connected with the pedicle muscle. 

Even in typical Syringothyris there is no cogent reason for inferring 

that the soft parts possessed any structures different from those 

of Spirifer. If so, this typical structure of Syringothyris is prob- 

ably to be regarded only as a result of excessive shell secretion, and 

it may well be questioned whether its employment as a generic 

character is any more justifiable than it would be so to employ 

the deposit of an apical callosity, with which the syrinx is perhaps 

a concurrent manifestation, or of a thick test with attendant deep 

muscular imprintation, a character regarded of little importance 

in other types of brachiopods. The tendency to develop an 

incipient syrinx in various groups of Spirifer contributes not a 

little to justify such a low estimate of the taxonomic value of this 

character. 



PRELIMINARY NOTES ON SOME IGNEOUS ROCKS OF 
JAPAN. I 

S. KOZU 

Imperial Geological Survey of Japan I ) Jal 

I. SODA-TRACHYTE 

Localities —Matsu-shima and Kakara-jima, two islets, six and 

a half kilometers northwest of the port of Yobuko, prov. Hizen, 

Kytsha. 

Occurrence.—As compact lava, associated with an alkaline feld- 

spar-bearing basaltic rock. 

Age.—Probably near the close of the Tertiary. 

The following notes on the mineralogical and chemical char- 

acters were made from the specimen collected from Matsu-shima. 

Megascopic characters —The rock is blackish gray in color with 

semiwaxy luster, and by weathering easily changes to light brown- 

ish-gray with greenish tinge. The phenocrysts are of abundant 

feldspar, and are not easily distinguishable at a glance on fresh 

fracture surfaces, as their color is not white, but on weathered 

surfaces exposed to the washing of sea waves the minerals. being 

less attacked than the matrix, are as well marked as the coarse 

grains of quartz in weathered sandstone. The mode of weathering 

is a characteristic feature which enables us to distinguish the present 

rock from other rocks of the environs. The feldspar phenocrysts 

are thick tabular or sometimes stout prismatic, from 2 to 5 mm. 

in length, in rare instances 10 mm., and very light bluish-gray in 

color, for they contain abundant inclusions. The luster is not 

purely vitreous but slightly waxy. The groundmass is aphanitic 

and deep gray with light greenish tinge when freshly fractured. but 

the color soon changes from dark brownish-gray to light gray by 

weathering. 

Published by permission of the Director of the Imperial Geological Survey of 

Japan. 
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Wicroscopical characters —The phenocrysts are of abundant 

euhedral, or sometimes subhedral, feldspar. Almost all of them 

are of anorthoclase, in which a small quantity of plagioclase is pres- 

ent, either as nucleus of zoning which can be seen very rarely, as 

perthite composing the faint perthitic structure, or as local patches 

in the anorthoclase crystals. The groundmass is holocrystalline, 

though small amounts of brown glass are locally present in the 

vicinity of feldspar phenocrysts. It consists essentially of pris- 

moids of alkaline feldspar, elongated toward the axis a. They 

are arranged as in typical trachytic fabric. A smaller quantity 

of thin and long prismoids of aegirine-augite, crystals or grains of 

magnetite, and slender needles of apatite are disseminated through 

the feldspathic groundmass. 

Felds par, as phenocrysts, is soda-microcline, containing anorthite 

molecules, that is, calcium-bearing anorthoclase. The shape gener- 

ally shows euhedral form, principally bounded by crystallographic 

faces (001), (O10), and (201), and is thick tabular parallel to (oro), 

or is very stout prismoid, or cuboidal. The characteristic habit 

is derived from its appearing in a rectangular form on the face 

210), owing to the domination of the planes (001), (201), and JIC 

010), asis the case with feldspar in ** Rectangelporphyre,”’ described 

by Th. Kjerulf. The well-known rhombic form is entirely absent. 

Parting parallel to (100) is so distinct that the cleavage pieces are 

very difficult to get, the crystal easily breaking into pieces along 

that face, as seen in Figs. 1 and 2. The twinning according to the 

Carlsbad law is the most common, very rarely the Manebach type 

is megascopically recognizable. Two other types (albite and peri- 

cline) appear faintly between crossed nicols; sometimes they are 

locally and irregularly distributed in the inner part of the pheno- 

crysts. In some crystals microperthitic and microline structure 

are visible. Zonal structure is not uncommon, but is not so distinct 

as in the case of plagioc lase. The outer zone usually shows a 

slightly lower refraction than that of the inner part, but both are 

lower than balsam. In one instance, plagioclase appears as a 

nucleus in the alkaline feldspar. Aegirine-augite and greenish- 

brown glass are comparatively abundant as inclusions; besides 

these, apatite needles and magnetite grains are usually inclosed 
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in small amounts. The mean index of refraction of the mineral 

measured by Wright’s is m»)=1.526—1.531. The extinction 

angle on (oro) is +5° to +9, and on (001) o to +1. The 

characteristic undulatory extinction is well marked. The plane 

of the optic axes is approximately perpendicular to (oro), and the 

negative acute bisectrix is nearly normal to (201). The apparent 

optical angle measured on the section nearly parallel to (201), 

by Mallard-Becke’s method, is 84° 44’ and 2V is 52° 20’, the mean 

index of refraction being assumed as m,=1.528. The dispersion 

is p>v. 
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The groundmass feldspars are also alkaline feldspar and occur 

in elongated prisms, simple Carlsbad twinning being commonly) 

present. They are arranged as in trachytic fabric and the fluxion 

is especially marked around the phenocrysts. 

Aegirine-augite, as phenocrysts, is almost absent, and the largest 

crystal, which was observed in 5 thin sections, measures 1.5 mm. 

in length, but the average length of the prisms is o.2 mm. The 

mineral is of bluish-green color, and is somewhat pleochroic from 

bluish-green to the same color with yellowish tint. The greatest 

extinction angle measured with respect to the ¢ axis, gave 45°. As 

inclusions magnetic grains are common; and brown glass, appatite 

needles, and feldspar laths can be detatched, the last being very 

scarce. 
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Olivine occurs in some specimens, as a very rare accessory in 

an anhedral form. 

Wagnetile is very scarce as phenocrysts. Minute euhedral to 

anhedral crystals are disseminated in the groundmass, and form 

about 4 per cent of the whole. It is also associated with the 

aegirine-augite 

A patite is conspicuous as very minute needle-shaped crystals. 

Chemical characters.—Separate analyses were made of the rock 

and of the porphyritic anorthoclase. 

For the purpose of analysis of the mineral, the phenocrysts 

were picked out of the weathered rock, in which the minerals remain 

on the surface in a favorable state to be taken off from the matrix. 

Che feldspar material is quite fresh, but the surface and the inner 

portions along the parting and cracks are stained by decomposed 

products from the matrix and inclusions. To purify it as much as 

possible, it was crushed into 1-2 mm. grains and was digested in 

dilute hydrochloric acid at 80° C. for 24 hours, until it turned 

white in appearance. But an intimate association with impurities 

rendered it impossible to prepare a thoroughly clean sample, so 

that the results of analysis are somewhat unsatisfactory. The 

chemical analysis, made by S. Kawamura in the laboratory of 

the Imperial Geological Survey of Japan, is as follows: 

Si) 64 95 

ALO 19.62 

Fe,O 0.98 

MgO ©. 22 

CaO 3.48 

Na,0 4.86 

K.O 5.83 

99.93 

By the withdrawal of the excess of silica, lime, magnesia, and 

iron as impurities mainly due to inclusions, the chemical composi- 

tion of the mineral is shown approximately by the following ratios: 

SiO) 63.08 

ALO 21.80 

CaO 3.24 

Na.O 5.39 
KO 6.49 

100.00 
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From these figures the formula of the anorthoclase is found to 

be Or,.;;Ab,An,. 

The analysis of the rock, by K. Takayanagi, and that of the 

pantelleritic trachyte, by Férnstner, are given in the following 

table: 
\ B 

SiO 62.306 OL. 43 

ALO 17-95 17.5! 
Fe,O ‘a 5.11 

FeO 2.62 2. 30 
MgO 0.72 ©. 54 
CaO 2.75 2.45 
Na.O 5.600 0.22 

KO 4.106 3-95 
H.0* 0.87 
TiO, o.66 

P.O. ©. 20 

MnO 0.45 

100.10 QO. 51 

* Loss on ignitior 

A =Soda-trachyte, Matsu-shima, Kydsha 

B = Augite-andesite (pantelleritic trachyte of Rosenbusch), Porto Scauri, Pantelleria 

The norms, calculated from these analyses, are as follows: 

\ B 

Quartz 6.1 5.0 

Orthoclase 25.0 23.4 

\lbite 47.2 52.4 

Anorthite 8:4 8.1 

Diopside 0.7 ..3 

Hypersthene 4.6 

Magnetite 2.3 7-4 
Ilmenite r.4 

\patite 0.6 

00.3 990.0 

Ratios from the norms are given below: 
\ I 

Sal 
: = Q.25 oS. 31 
Fem 

Y 
r : 0.07 0.00 

K.0'+Na.O 

CaO 3.20 $.9gO0 

KO’ 
Na.0’ ‘ 0.5 



60 S. KOZ 

In the quantitative system, the rock from Matsu-shima would 

be classified under the name of laurvikose, near pulaskose. There 

is a close resemblance in chemical characters between this rock and 

the pantelleritic trachyte which was described by Fornstner as 

augite-andesite, and is also laurvikose. The relationship between 

them is shown in the above tables. 
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Il. QUARTZ-BASALT 

Locality.—Kasa-yama, near Hagi city, prov. Nagato. 

Occurrence.—The rock occurs as a lava flow erupted at the vol- 

cano Kasa-yama, which consists merely of an isolated cone of small 

size, 112.5 meters above the sea-level and about 1,300 meters in 

diameter across its base. In the summit, there is a_ perfectly 

preserved crater, 25 meters in diameter and 13 meters in depth. 

This small and regular cone stands in strong contrast to the topog- 

raphy of the environs, where the geology is mainly composed of 

granites and mesozoic sedimentaries, and especially to that of 

table-lands or flat islands formed by basalt flows which poured 

out here and there through the ground. 

Age.—The eruption of the rock appears to be Diluvium and the 

latest of the basalt in this region, which seem to have been erupted 

at the period from the close of Tertiary to Diluvium. 

Megascopic characters—The specimen collected from the lava 

dam near the Shinto shrine at the eastern foot of Kasa-yama 

is noteworthy for containing abundant quartz as porphyritic 

grains in a hypocrystalline groundmass. It is black in color and 

vesicular with small and irregular cavities, but has a high specific 

gravity. The quartz, varying in size from 1 mm. to 5 mm., shows 

an irregular outline, but sormetimes almost hexagonal. Though 

the percentage of quartz grains varies in different portions of the 

lava, generally they are distributed uniformly and are clearly dis- 

tinguishable from the groundmass by their color, as seen in the 

photograph. Besides these there are only a few crystals of yellow 

‘Published by permission of the Director of the Imperial Geological Survey of 

Japan 
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olivine as megascopic phenocrysts. This mineral is 2 mm. in 

diameter, and is also fresh in aspect. 

Microscopical characters.—The mineral components are olivine, 

augite, plagioclase, magnetite, and apatite, with phenocrystic 

quartz. The microscopic phenocrysts are not abundant; among 

them the olivine is most common, then follows the augite in nearly 

equal amounts; the plagioclase occurs subordinately. The ground- 

1 Quartz-basalt Che white grains are quartz. 

mass is hypocrystalline in texture and consists of lath-shaped 

plagioclase, prismatic or granular augite, and magnetite crystals, 

with abundant interstitial glass of light-brown color, clouded by 

numerous globules. 

Olivine belongs to the earlier crystallization among the mineral 

ingredients of the rock, and is almost free from inclusions with the 

exception of a few crystals of magnetite and glass, which are very 

rare. It forms anhedral to subhedral shapes with finely ragged 

outline, and about it minute granules of pyroxene may be observed. 
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The olivine is entirely fresh and remarkably but irregularly 

cracked. 

Augite is very faint yellowish or nearly colorless, and is more 

abundant than olivine, though it is rarely present as microscopic 

phenocrysts. As phenocrysts, it is anhedral, but in the groundmass 

it is well shaped; elongated prisms are common. In rare instances, 

twinning parallel to the orthopinacoid may be seen in the larger 

crystals. In the reaction-border about the phenocrystic quartz, 

augite is the only mineral constituent and is imbedded in brown 

glass. Inclusions of mag- 

netite, apatite, and glass 

are sparingly present. 

Plagioclase is basic lab- 

radorite and appears in 

well-formed, long  pris- 

moids with polysynthetic 

twinning according to the 

Carlsbad and albite law. 

Zoning is almost absent. 

Minute grains of pyroxene 

and magnetite are present 

as inclusions in small 

quantity, with also a few 

of glass. 
Fic. 2.—Bipyramidal quartz with reaction 

Quarts occurs as a por =oP 
‘ border. x 23. 

phyritic constituent, and 

the average diameter is about 2mm. The outline of the mineral in 

thin section is usually irregular, but sometimes shows the bipy- 

ramidal form referable to crystallographic faces, as seen in the 

microphotograph (Fig. 2). Each grain of quartz is fringed with 

a reaction-border, consisting of elongated prism and grains of 

augite imbedded in brown glass. The minute prismoids are 

arranged quite regularly. They are grouped radially, each group 

containing a few crystals that converge toward the outer side of 

the border, as seen in Fig. 2. In triangular, interstitial spaces 

between each radial group granular augites are scattered irregu- 

larly. In some instances, the deep invasion of the brown glass, 
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with very fine crystals of augite, is observed along the cracks in 

the quartz. Glass with gas inclusions bubbles are present in 

bipyramidal shapes, and ruptures starting from the four corners 

of the rhombi sections are well marked in thin sections of the 

mineral nearly parallel to the optic axis, as shown in Figs. 3 and 4. 

Chemical characters. 

A in the following table, was made by T. 

of the Imperial Geological Survey of Japan. 

ric. 4 

The analysis of the rock, shown in column 

Ono in the laboratory 

The analysis of the 

quartz-basalt from the north base of Lassen peak, described by 

Diller, 

SiO 

ALO 

FeO 

FeO 

MgO 

Cad 

Na.O 

KO 

HO 

P.O 

\InO 

BaO 
Cr.) 

srt) 

4. Quartz-basalt (lav 

is given in column B. 

90 

\ B 

od 50.51 

12 Is. 10 

40 1.20 

Q7 68 

13 .. 

14 S.15 

02 3 3 

50 Pe 

15 0.69 

21 9.45 

ul O.14 

34 O.11 

2.9 

tr 

0.04 

tr 

22 100.10 

Kasa-yama, prov. Nagato 
North base of Lassen Peak, California 
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On comparing the analyses, it is obvious that the two rocks 

are closely similar in chemical characters, but the rock of Kasa- 

vama differs slightly in containing lower magnesia, lime, and alka- 

lies, and higher iron and titanium; the low value of the first com- 

ponent especially does not satisfy Harker’s hypothesis with regard 

to the plotting of his diagram. 

Norms, calculated from the analyses, are as follows: 

\ Kb 

Quartz 14.5 10.9 

Orthoclas« 5.90 aia ee 

Albite 10.8 20.7 

Anorthite 5c. 2 a4 

Corundum ° 

Diopside ‘ee 

Hypersthene 10.90 5.0 

Magnetit« ‘7 6.2 

Ilmenite 2.4 °.9 

Q9.° )Q. I 

| 
| From the norms, ratios are given as below: 

: \ b 

Sal 

Fem 3-59 or 

Q 
E 0. 24 0.17 

K.0'+Na.0 
CaO 0.38 o. $7 

KO’ 
Na.0’ ©. 50 0.25 

By the Quantitative System these rocks are classified as 

bandose. 
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III. ALKALI-FELDSPAR-BEARING BASALTIC ROCK (FUKAE-GAN) AND 
ALKALI-FELDSPAR-BEARING BASALT 

Localities. Alkali-feldspar-bearing basaltic rocks were collected 

from Fukae-shima in the Gotd Islands; alkali-feldspar-bearing 

basalts from Madara-shima, an islet northwest of the Yobuko 

port, prov. Hizen; from O-shima, near the Island of Iki; from 

Uramino-taki, near Omura city, prov. Hizen. These localities are 

in the northern part of Kydshd or its outlying islands. 

Occurrence.—The rock type, associated with olivine-basalt on 

the one hand and with soda-trachyte? on the other, appears to 

have an extended distribution over the northern part of Kydsha. 

At Fukae-shima, this rock group forms the plateau and some 

striking dome-shaped hills standing on it, as seen in the photo- 

graphs (Figs. 1 and 2). There are well preserved or strongly 

breached craters in the summit of each dome. The hills, in great 

part, consist of ashes, lapilli, and slaggy lava, in which finely 

shaped bombs may be found abundantly. The plateau is of hard 

Age.—Near the close of Tertiary to Diluvium. 

Che specimens for the following descriptions were collected by 

the writer from Fukae-shima; by Y. Otsuki from Madara-shima 

nd O-shima; and by D. Sat6 from Uramino-taki. They may be 

lassified in two groups by the mineralogical and chemical char 

[. Alkali-felds par-bearing basaltic rock (Fukae-gan in Japanese). 

The rocks of this group collected from Fukae-shima are transi 

Published by permission of the Director of the Imperial Geological Survey 
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tional forms in both texture and mineralogical characters, owing 

to their crystallinity, but are closely alike in chemical properties. 

They are represented by three types as described below. 

As the first type, a bomb ejected from the volcano Ondake was 

selected for the following description and chemical analysis: 

Ondake 

Oza 

Eukoe 

View from the northwest 

Pic. 1 

Megascopic characters.—-This rock type is aphanitic and black 

in color. Scattered magnophyric feldspars are the only con- 

stituents visible to the naked eye. The groundmass is vesicular, 

and the vesicles are small and round. The phenocrysts are of 

fresh aspect and show rather euhedral forms, short prismatic or 

tabular, and in some instances are of considerable size, reaching 

20 mm. in length (Fig. 3). Olivine, which is present as abun- 

dant microscopical phenocrysts, is scarcely recognizable even by 

the aid of a lens. 
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Wicroscopical characters.—The microscopic phenocrysts in this 

type of rock are of olivine in great part, with subordinate andesine. 

The groundmass is hypocrystalline and is filled with small and 

round vesicles (Fig. 4). looking like the outline of leucite. 

Feldspar.—This mineral shows distinctly two different habits. 

Che phenocrysts are stout prismoid, sometimes tabular, and some- 

— — — —— . 
| 

A Oshema | 

aoa Koitebeshima Olabeshema ~~ | 

Medal Usudake _ : -- 
- = 

+> — Se 
— ~ 

| < } 

1 | 

| 

Sakryena 

wool 

View from the north west 

Fic 

what rounded. They are andesine (Ab,An,), with a mean index 

of refraction slightly higher than ny=1.554. They contain abun- 

dant small particles forming an outer zone, and round it usually, 

thin and clean layers with different composition, but the difference 

between each layer is not pronounced. Twinning is scarce, and in 

rare instances undulatory extinction can be observed. Feldspars 

forming the groundmass are slightly more sodic than the pheno 

crysts, and occur in elongated or rather slender shapes. They ar 
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marked by irregular cracks, filled with isotropic, low refractive, 

and colorless, substance. Twinning according to the albite law 

is common. 

Olivine occurs in two-sized crystals. The larger ones are abun- 

dant and play an important réle as microscopic phenocrysts. Their 

shapes are equant or prismoid. In many instances, the outlines 

of crystals are irregular by invasion of groundmass, sometimes 

extremely narrow and deep, parallel to crystallographic faces, 

showing the successive growth of the mineral, but the general out- 

lines are referable to crystal forms (Figs. 5 and 6). Though 

distinctly cracked they are entirely fresh and inclose clouded 

glass, but are free from other inclusions. 

Augite forms magnophyric crystals which are very rarely seen 

in hand specimens. The minute grains in the base, showing high 

refraction, appear to be augite. 



570° S. KOZU 

Magnetite clouds the base as minute grains or dusty particles, 

and their abundant presence affects the color of the rock. A patite 

appears mostly as inclusions 

in feldspar. 

The second type collected 

from Ohama in Fukae-shima 

is more crystalline. Alkali- 

feldspar appears locally in 

the crystalline part as the 

border of the plagioclase of 

the groundmass. The augite 

crystals are comparatively few 

and occur in small anhedral 

forms. The magnetite crys- 

tals are more numerous in 

Fic. 4.—Microphotograph of the first type this type of rock than in the 
of the first group, magnified 30 times. The first one, are somewhat larger, 

minerals seen in the figure are olivine micro but are also anhedral in shape 

phenocrysts and andesine prisms 
(Fig. 7). 

he third type collected from Masuda in Fukae-shima is holo- 
crystalline, and in some parts has typical ophitic texture. The 

mineral components are andesine, alkali-feldspar, augite, olivine, 

magnetite, and apatite. The andesine is distinctly cracked, with 
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invasion of colorless, low refractive and isotropic substance as in 

the above types. The alkali-feldspar occurs as the border of almost 

all crystals of andesine in the groundmass. The augite is light 

purple in color, and is xenomorphic toward plagioclase. The mag- 

netite frequently occurs in crystal form. 

Il. Alkali-feldspar-bearing basalt.— 

This group differs from the above in the presence of labradorite 

in the place of andesine, as the essential component. 

The specimen from Madara-shima is dark reddish gray in color 

with semiwaxy luster. It is holocrystalline, fine granular, and 

Fic. 7.—Microphotograph of the Fic. 8.—Microphotograph of the 

second type of the first group. X 30. third type of the first group. X 30. 

inconspicuously porphyritic, with not abundant magniphyric 

feldspar and less pyroxene. 

Under the microscope the rock consists of labradorite, alkali- 

feldspar, augite, olivine, titaniferous iron ores, and apatite. The 

labradorite is subhedral to euhedral, twinned according to the 

Carlsbad and albite laws, and commonly prismatic in shape. 

Zonal structure is rarely seen. Each of the feldspar crystals com- 

posing the groundmass is enveloped by a shell of alkali-feldspar. 

The augite is light greenish yellow with purple tinge, and is sub- 

hedral to anhedral, stout prismatic to equant. The larger ones are 

indistinct phenocrysts; the minute grains are interstitially dis- 

tributed in the groundmass with magnetite crystals. The olivine 
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as microscopic phenocrysts is subhedral to anhedral, and altera 

tion into iddingsite is commonly visible along cracks and in marginal 

portions. The texture of the groundmass is somewhat inter 

sertal, and is characterized by divergent arrangement of prisms 

of plagioclase enveloped by alkali-feldspar, with interstitial gran 

ules of augite, olivine. and magnetite (Fig. 9). 

\ more distinctly crystalline and coarser type is a specimen 

from O-shima, an islet, near the Island of Iki. 

Megascopically the rock, more or less decomposed, is evidently 

holocrystalline, but the indi- 

vidual crystals are scarcely 

recognizable, though the di 

verse arrangement of prismoid 

feldspars, 1.5 to 2 mm. long, 

is well marked in the hand 

specimen. The color is light 

gray, on account of the 

abundant feldspars, and is 

dotted by dull reddish brown 

spots produced by decompo- 

sition of the olivine. Rare, 

Microphotograph of the alkali inconspicuous phenocrysts are 

dspar-bearing basalt from Madara-shima. — tabular, white feldspar; irreg- 

ularly shaped black augite; 

and equant, dark reddish olivine. All of them are less than 3 mm. 

in diameter. 

Under the microscope (Fig. 10), the texture is transitional from 

doleritic to intersertal, as the augite is xenomorphic toward feld- 

spar in one case and automorphic in the other. The mineralogical 

constituents are as before, but the presence of broad bands of alkali- 

feldspar enveloping labradorite is especially noticeable (Fig. 11 

In some crystals, the alkali-feldspar has more than three times the 

volume of the labradorite, that is.o.75 mm. in length and 0.09 mm 

in width (Fig. 11). In general, the labradorite is in extremely 

elongated prisms, twinned according to the Carlsbad and albite 

laws. The augite is anhedral to subhedral, prismatic to equant. 

In color it is light purple. The magnetite frequently occurs in 
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anhedrons 0.35 mm. in diameter. The apatite is noticeable in 

elongated prisms. 

The most finely grained variety is from Uramino-taki. It is 

light gray, compact with a few vesicles, and nonporphyritic, some- 

times with nodular olivine. There are groups of scaly, blackish 

brown mica in the vesicles. 

Under the microscope it is almost holocrystalline and granular 

The mineralogical components are the same as in the previous 

variety, with a small quantity of biotite, which usually occurs in 

cavities. The biotite is reddish brown and strongly pleochroi 

Its apparent optical angle (2E) varies between 37.5° and 29.5 

FG. 10 Fic. 11 

Chemical characters —Oft the first group of rocks a complete 

analysis was made of the first type (Bomb) and two partial analyses 

of the second (B) and third (C) types, by K. Yokoyama. Of the 

rocks of the second group a complete analysis of a specimen (D) 

collected from Marada-shima was made by T. Ono. 

The three analyses A, B, and C of the first group show a close 

relationship in chemical characters, notwithstanding they have 

different mineralogical components due to their crystallinity. For- 

eign rocks that have a close resemblance in chemical characters 

with the rocks of this group are olivine basalt (E) and orthoclase- 

bearing doleritic basalt (F) of New South Wales, described by 
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G. W. Card. For the sake of comparison, these analyses are given 

the following table with those of the rocks under consideration. 

\ I ( D I G 

SO 15 $9.15 $5.70 52.19 45.95 53.21 $9. 24 

ALO I 19.74 16.838 17.84 15.84 

Fe,O 3.24 ‘72 3.30 3.80 6.09 
Fe) S 6.28 = 20 = - 8 

MeO = 4 5 7 of 2.02 

Cal) 5. 6.90 S.S50 6.45 x 

Na,O ) 64 3.35 3.48 3.390 3.30 I 

KO 1.40 1.61 _ O4 2.11 3.03 10 

HO / x 0.52 0.65 1.08 
H.O " Tea 1.78 :.23 1.61 
4 n.d n.d 0.06 2.02 n.d 

riO } n.d 1.28 I.O1 1.84 
PO : ) n.d 0.30 ©.44 1.47 

SO n.d n.d none 0.09 n.d 
( n.d n.d. 0.02 o.11 n.d 
MnO 2.11 n.d 0.31 0.32 0.20 

0.06 0.06 0.21 

Pota 90.99 99.99 100.41 99.88 100.46 
Sp. S500 2.705 2.79 

\. Bomb ejected from the volcano Ondake, Fukae, the Gotd Islands, Ana 
lyst, K. Yokoyama. 

B. Lava erupted from the volcano Ondake, Ohama, Fukae, the Goté Islands, 
Analyst, K. Yokoyama. 

( Lava erupted from the volcano Ondake, Masuda, Fukae, the Goto Islands, 
Analyst, K. Yokoyama. 

LD). Lava, Madara-shima, prov. Hizen, Analyst, T. Ono. 

I Olivine-basalt, one and a half miles north of St. George’s head, N.S.W. 

F. Orthoclase-bearing doleritic basalt, south side of Croobyar Creek, N.S.W. 

G. Mugearite, Druim na Criche, 5 miles $.S.W. of Portree, Skye. 

The norms calculated from these analyses are as follows: 

\ D I I G 

Juart ‘3 4.9 

Urthociase 8.9 2.9 I 17.8 I 
Ibite \lbite 30.4 20.2 RR 6.7 44.0 

\r rthite . 22.9 22.2 24.7 24.5 13. 

Sodium chloride 0.4 

Diopside 11.0 2.1 14.6 2.9 3.4 
Hypersthene 2.7 12.2 10.8 _ 
Olivine Ir.s 9.7 7 -¢ 
Magnetit« 4.6 6.9 4.0 < 6 2 8 
Ilmenite 1.6 2.4 - 2 = 

Ap 
patil 1.9 0.7 1.3 3.1 

00.5 07.5 95.0 07.9 0 
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Ratios calculated from the norms are as follows: 

\ D I I G 

Sal 
om 1.74 3.04 03 3.16 51 

Q+I 

I 
9.04 0.009 

K.0’+Na 
Cad 0.350 0.00 9.57 0.900 2.1¢ 

K.0’ 
Na.O 5.25 0.35 0.40 °.50 0.20 

By the quantitative system, A, D, E, and F would be classified 

under the name andose and G under akerose. 

From the tables given above, it is clear that the rocks from 

Fukae differ from normal basalt, in containing a high percentage 

of alkalies in proportion to the silica contents, especially of soda, 

forming normative andesine Ab,gAn,,, which is slightly more calcic 

than the modal plagioclase. Though the alkali-feldspar is not 

present as a recognizable mineral in the first type (Bomb) of the 

first rock group, its molecule is to be looked for in the glass-base. 

In the second and third type, the alakli-feldspar is seen in the modal 

state. The chemical resemblance between the rock of Fukae, A, 

and the olivine-basalt from St. George’s Head, E, is very close. The 

differences between them are lower potash for orthoclase, slightly 

higher soda for plagioclase and higher normative ilmenite in the 

Fukae rocks, compared with the olivine-basalt, of St. George’s 

Head. Generally the rock is characterized by properties mineral- 

ogically and chemically intermediate between the mugearite, G, 

described by Harker, and the olivine-basalt described by Card, 

though it is very near to the last rock, and it differs from shosho- 

nite described by: Iddings in being dosodic. 

The rock from Madara-shima, D, differs slightly from the Fukae 

rock in the lower value of magnesia and in higher percentages of 

silica and potash, and of alumina which increases the normative 

anorthite. It has a close resemblance in chemical characters to 

the orthoclase-bearing doleritic basalt, F, from Croobyar Creek, 

New South Wales, described by Card. 



REVIEWS 

Gypsum Deposits of New York. By D. H. NEWLAND AND HENRY 

LEIGHTON. New York State Museum Bulletin 143, Albany, 

1910. Pp. 94. 

Che bulletin presents a concise but complete description ot the 

gypsum deposits and the gypsum industry of the state of New York. 

Che workable deposits are restricted to the Salina state of the upper 

Silurian and are pretty generally confined to a single formation of this 

series, the Camillus shale. The geology of the Salina series is carefully 

and clearly set forth. 

Considerable attention is given to general questions relating to the 

origin of gypsum, its properties, and the theory of its transformation 

into plasters. rhe reviewer is pleased to note that the section devoted 

to the description of mines and quarries is much shorter than is usually 

found in a report of this character. 

Report on a Part of the Northwest Territories Drained by the Winisk 

and Altawapiskat Rivers. By Witttiam McInNNEs. Geol. 

Survey of Canada, No. 1008. Pp. 54; Figs. 5; Map 1. 

In this report the author gives the results of a reconnaissance survey 

of the country to the southwest of Hudson Bay. Adjacent to the bay 

there are gently folded Silurian limestones and dolomites, probably 

of Niagaran age. Outside this belt comes a belt of bowlder clay 160 

miles in width, overlain by post-glacial marine clays, which, below the 

Boskineig fall in the Winisk River, have an altitude of 350 feet above 

sea-level. Beyond this again is the Laurentian peneplain, of Archean 

granites and schists. This is the customary rocky-lake country, heavily 

drift covered in places. Glacial striae on exposed rock surfaces indicate 

a glacial movement toward the S.S.W. 

rhe writer also gives a general description of the canoe routes, flora 

and fauna of the country, climate and possibilities of agriculture. 

ey be 




